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FOREWORD

The computer program described herein was developed by the Lockheed-California
Company (Calac), Burbank, California, under Contract No. F33657-70-C-0511 of
Project Mo, 668A, The contract was administered by the Air Force Flight Dy-
namics Laboratory (AFFDL), Wright-Patterson Air Force Base, Ohio, with P.C.
Everling (FXM) and J.A. Laughrey (FXM) as Project Engineers. Subcontract
support was provided by Pratt and Whitney Aircraft (P&WA), East Hartford,
Connecticut.

This is the second of a two-volume final report to be submitted under the
contract which was conducted during the period from 1 November 1969 to 31
July 1972, The report describes the operation of the end item computer
program developed for predicting twin-nozzle/aftbody drag and internal nozzle
performance. In addition to the three principal authors, R.A. Fax and R.D.
Grennan of Calac made significant contributions toward preparation of the
report manuscript. The authors are indebted to the following Calac person-
nel for their assistance in developing the computer program: E.L. Bragdon
and M.H. Scott, Jr., of Propulsion; R.F. Smith of Aerodynamics; and T.J.
Jones, B.A, Schwartz, and D.A. Tappeiner of Computer Services.

This report was submitted by the authors for AFFDL approval on 31 July 1972.
A Calac report number, IR 25370, has been assigned to identify the report
prior to approval.

This technical report has been reviewed and is approved.

P /

Fd - Ve 5
/7~ PHLKIP P. ANTOMATOS
Chief, Flight Mechanics Division
Air Force Flight Dynamics Laboratory
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ABSTRACT

A computer program has been developed for predicting twin-nozzle/aftbody
drag and internal nozzle performance for fighter type aircraft having twin
buried engines and dual nozzles. The program is capable of generating the
installed thrust-minus-drag data required for conducting mission analysis
studies of aircraft of this type. The configuration variables which can be
analyzed include (1) nozzle type (convergent flap and iris, convergent-
divergent with and without secondary flow, and shrouded and unshrouded plug),
(2) nozzle lateral spacing, (3) interfairing type (horizontal and vertical
wedgi), (4) interfairing length, and (5) vertical stabilizer type (single and
twin).

The performance prediction methods incorporated in the program are based
almost entirely on empirical correlations. Specifically, correlations used
in conjunction with one-dimensional flow relationships are employed for the
prediction of the nozzle thrust and discharge coefficients, and correlations
of the test data obtained during the contracted effort are employed for
prediction of the aft-end drag. The prediction methods account for the
effects of nozzle pressure ratio and flow separation on both internal and
external nozzle surfaces.

This manual describes the operation of the computer program in terms of
program input requirements, performance prediction methods, and output for-
mat and includes a presentation of sample input/output cases and a complete

computer listing of the program. The program has been developed for use on
the CDC 6600 computer.

iii



Section

APPENDIX

I

II

VOLUME II
TABLE OF CONIENTS

Title
1NTRODUCTION
COMPUTER PROGRAM CAPABILITIES

2.1 GENERAL DESCRIPTION OF PROGRAM
2.2 COMPUTER PROGRAM IOGIC

DISCUSSION OF METHODS

3.1 TWIN—NOZZIE/AFTBODY DRAG
3.2 NOZZLE THRUST COEFFICIENT

OPERATING INSTRUCTIONS

4,1 INPUT REQUIREMENTS
4,2 PROGRAM OUTPUT
4,3 PROGRAM SETUP

SAMPLE CASES

PROGRAM LISTINGS

Page

~N N W w W

33

33
b7
49

23
67




Figure

10

11

12

13

14

15

16

LIST OF ILLUSTRATIONS

Title

Overall Progrem Logic Diagram

Transonic Similarity Correlation of Jet-Off Total Boattail
Drag - Narrow Spacing

Transonic Similarity Correlastion of Jet-Off Total Boattail
Drag - Intermediate Spacing

Transonic Similarity Correlation of Jet-Off Total Boattail
Drag - Wide Spacing

Transonic Similarity Correlation of Jet-Off Total Boattail
Drag - Narrow Spacing - Convergent Flap Nozzle

Transonic Similarity Correlation of Jet-Off Total Boattail
Drag - Vertical Interfairing

Transonic Similarity Correlation of Jet-Off Total Boattail
Drag - Twin Vertical Tails

Correlation of Drag Increment From Jet-Off To Design
Pressure Ratio - Narrow Spacing

Correlation of Drag Increment From Jet-Off To Design
Pressure Ratio - Intermediate Spacing

Correlation of Drag Increment From Jet-0ff To Design
Pressure Ratio - Wide Spacing

Correlation of Drag Increment From Design To Operating
Pressure Ratio - Convergent-Divergent Nozzle

Correlation of Drag Increment From Design To Operating
Pressure Ratio - Convergent Flap Nozzle

Correlation of Drag Increment From Design To Operating
Pressure Ratio - Convergent Iris Nozzle

Correlation of Drag Increment From Design To Operating
Pressure Ratio - Normal Power Plug Nozzle

Correlation of Drag Increment From Design to Operating
Pressure Ratio - Maximum A/B Power Plug Nozzle

IMS /Supersonic Similarity Correlation Of Method-Of-
Characteristics Boattail Pressure Drag

Page

10

10

11

12

12

13

13

b

1k

15

15

17




LIST OF ILLUSTRATIONS (Comtinued)

Figure Title Page
17 Equivalent Body Correlation of Phase II Data 18
18 Correlation of Drag Increment From Jet-Off to Jet-On 18

Operation - Supersonic Flow
19 Correlation of Maximum Discharge Coefficient with 23
Internal Approach .ingle
20 Correlation of Maximum Discharge Coefficient with 23
Shroud Lip Curvature
21 Correlation of Nozzle Internal Divergence Loss 25
ee Correlation of Stream Thrust Correction Factor 25
23 Correlation of Plug Thrust and Boattail Drag Increment - 31
Normal Power Plug Nozzle
2L Correlation of Plug Thrust and Boattail Drag Increment - 31
Maximum A/B Power Plug Nozzle
25 Data Deck Arrangement L8
26 Sample Computer Program Input - Case 1 5l
27 Sample Computer Program Input - Case 2 55
28 Sample Computer Program Input - Case 3 57
29 Sample Computer Program Input - Case 4 59
30 Sample Computer Program Output - Case 1 61
31 Sample Computer Program Output - Case 2 62
32 Sample Computer Program OQutput - Case 3 'an
33 Sample Computer Program Output - Case L 65

LIST OF TABLES

Table Page
1 MAIN DATA SET INPUT KEY 34
2 UNIVARIANT CURVE DATA INPUT KEY Lo

3 BIVARIANT CURVE DATA INPUT KEY Lo




eflow

e
sep

LIST OF SYMBOLS

Physical nozzle exit area

Flow area at nozzle exit.

Flow area at separation point

Frontal area

Maximum cross-sectional area
Metric break cross-sectional area
Shroud area (jet plus base areas)
Flow area for sonic flow

Wetted surface area

Boattail pressure drag coefficient based on boattail
cross - sectional area at nozzle exit station.

Nozzle discharge coefficient

Maximum nozzle discharge coefficient

Boattail pressure drag coefficient based on shroud cross -
sectional area at nozzle exit station.

Boattail pressure drag coefficient based on meximum
boattail cross - sectional area

Skin friction coefficient

xi




IR 25370

4
LIST OF SYMBOLS (CONTINUED)

CS Stream thrust correction factor
CT Thrust coefficient
D Drag
Fid Ideal gross thrust based on isentropic expansion of actual
flow to freestream pressure
IMS Integral Mean slope
X Drag due to 1lift factor
LBT Boattail length
Leff Effective flat plate length
m Mass flow rate
Me Exit Mach number
sep Mach number upstream of separation point
MT Throat Mach number
P Static pressure
Pb Base pressure
Psgp Static pressure upstream of separation point
PT Total pressure at nozzle exit
e
PT Total pressure at nozzle throat
T
(PT /Ps) Choking pressure ratio
T CK
(Pp, /B.) Critical pressure ratio
T CR
(P, /B.) Pressure ratio at which the nozzle flows full
T F

xii



LIST OF SYMBOLS (CONTINUED)

(PT /Rm) Pressure ratio where linear CT extrapolation ends
T L

q Dynamic pressure

Rc Lip radius of curvature

Re Momentum thickness Reynolds number
]

Ré Reference Reynolds number

Rmf Momentum ratio

R Radius

Taw Adiabatic wall temperature

" Viscosity

o Nozzle upstream approach angle

e Internal divergence angle

Y Ratio of specific heat values

SUBSCRIPTS

b Base

C-D Convergent-Divergent

conv Convergent

e Exit

EB Equivalent body

L Local

P Primary flow

S Secondary flow

T Throat

xiii



NOZZLE SYMBOLS

CD Convergent - divergent

CDE Convergent - divergent ejector
CF Convergent flap

CI Convergent iris

SP Shrouded plug

UP Unshrouded plug

xiv



SECTION 1

INTRODUCTION

This manual presents a detailed description of the Twin-szzle/Aftbody Drag
and Internal Nozzle Performance Computer Program. This program was developed
under Contract F33657-70-C-0511, Program for Experimental and Analytical
Determination of Integrated Airframe-Nozzle Performance,

The purpose of this manual is to describe in detail the capabilities and
limitations of the program, the numerical methods used, and the operational
procedures required to run the program. The computational procedures are
presented both in the form of detailed descriptions and flow charts summariz-
ing the methods. The input instructions consist of a description of each
input required and how the input is to be implemented. The output section
consists of a description of the output format and an explanation of error
messages that are included. Finally, a description of the operational setup
needed for program execution is provided including control cards, deck
assembly instructions, and necessary external routines,

The capabilities and restrictions of the program including a flow-chart are
presented in Section 2. The computational methods uced to predict aft-end
drag and internal nozzle performance are discussed in Section 3; and the
operating instructions, consisting of user and programmer inputs and the
output summary, are included in Section 4, Sample cases including examples
of input coding sheets and a complete listing of the program are provided
in appendixes.




SECTION 2

COMPUTER PROGRAM CAPABILITIES

2.1 GENERAL DESCRIPTION OF PROGRAM

The program consists of a main control routine, three nozzle internal
performance subroutines, and an aft-end drag subroutine. The prediction
methods incorporated in these subroutines are based almost entirely on
empirical correlations. Specifically, correlations developed by P&WA
(Reference L1) are employed for prediction of nozzle thrust and dishcarge
coefficients, and correlaticns of Phase II test data are employed for pre-
diection of twin-nozzle/aftbody dreg. The predicted aft-end drags for a
subsonic external flow must be used with caution if the user aploys the
aftbody maximum area station as the reference station for drag accounting
since the aftbody metric breek station of the Phase II model lies downstream
of the maximum ares station. Using the maximum area station as a reference
station requires in some cases a procedure for obtaining the drag acting on
the body between the maximum area and metric bresk stations. This drag
increment is very small for subsonic external flow and may be neglected.

For supersonic external flow, a procedure for obtaining this drag increment
was developed and incorporated in the aft-end drag routine to predict the
boattail drag aft of the maximum area station. The components of the aft-
end drag include hboattail pressure and friction drags and annular base drag.

Since the empirical correlations are based on Phase II data and little data
was obtained in the 0.9 to 1.2 Mach number range, the predicted aft-end drags
for this Mach regime should also be used with caution.

The program will analyze the following five types of nozzles: convergent,
convergent-divergent, convergent-divergent ejector, unshrouded plug, and
shrouded plug. The nozzle routines yield values of thrust and discharge
coefficients, as well as pumping characteristics for ejector nozzles.

There are basically two types of input to the program: fixed and variable.
The fixed inputs are constant for a given series of cases and consist of
geometrical inputs such as nozzle type and maximum area., The variable inputs
may change from case to case and consist of geometrical inputs, such as
nozzle area ratio, and operating conditions such as freestream Mach number
and nozzle pressure ratio, For most of the variable inputs, the user has the
option of using direct input values or having the program read a curve.

2.2 COMPUTER P LOGIC

The overall logic, of the program is illustrated by the flow charts shown in
Figure 1. The program consists of a main control routine, three internal

3
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performance subroutines, and an aft-end drag subroutine, Upon reading and
processing of the input the appropriate internal flow routine is selected
based on the nozzle type. Convergent and convergent-divergent nozzle cases
are analyzed using subroutine NOZZLE, convergent-divergent ejector cases

use subroutine EJECTR, and plug nozzle cases use subroutine NOZPLG. When runn-
ing convergent-divergent, convergent-divergent ejector and shrouded plug nozzles,
the user has the option of varying the nozzle internal expansion ratio between
two input limiting values in order to obtain the maximum thrust-minus-drag

for a given throat area. In all cases, the user has the option of providing
either the physical throat area or the flow area at the throat. The area
which is not specified as the input is obtained from the other ares and the
nozzle discharge coefficient.

The nozzle performance subroutines can anelyze various internal flow regimes
depending on the nozzle type. For convergent nozzles, separate prediction
methods are employed when the throat flow is subsonic, the throat flow is
critical but not choked (nozzle pressure ratio where the discharge coeffi-
cient is invariant with nozzle pressure ratio), and the flow is critical and
choked. For convergent-divergent and convergent-divergent ejector nozzles,
separate prediction methods are employed when the flow is subsonic throughout
the nozzle, the flow is critical with separation occuring in the divergent
section, and the flow is critical with no internal flow separation. Thrust
and discharge coefficients for these nozzles are computed using one-
dimensional flow relationships combined with empirical correction factors,
The one-dimensional compound flow analysis of Bernstein (Reference 45) is
employed for predicting ejector pumping characteristics.

The method employed for computing plug nozzle thrust coefficients depends on
the freestream Mach number. Specifically, for a subsonic external flow,
correlations involving plug pressure forces are employed which, when combined
with the gross thrust at the nozzle exit, yield plug nozzle thrust coeffi-
cients. For a supersonic freestream Mach number, plug surface pressure forces
are computed using an approximate construction of the expansion fan generated
by the flow expansion around the cowl 1lip. The plug base pressure correlation
is also employed for the supersonic case, Plug nozzle discharge coefficients
are computed using correlations of Phase I test data.

The aft-end drag subroutine calculates the three components of the total aft-
end drag of the aircraft: boattail pressure drag, boattail friction drag,
and annular base drag. The routine tests the flight speed to determine
whether to call the subsonic or supersonic boattail and base drag methods.
Three separate correlations are employed for predicting the boattail pressure
drag for a subsonic external flow: jet-off drag correlations, correlations
of the drag increment from jet-off to the nozzle design pressure ratio, and
correlations of the drag increment from the design pressure ratio to operation
at a higher pressure ratio. The first two correlations are based on nozzle/
aftbody geometry while the last correlation is based on nozzle underexpansion
losses. For supersonic external flow, jet-off drag correlations ard correla-
tions of the drag increment from jet-off to the operating pressure ratio are
employed.



SECTION 3

DISCUSSION OF METHODS

This section describes the methods employed for predicting twin-nozzle/aft-
body drag and internal nozzle performence. The external drag methods consist
primarily of the empiricel correlations whose development is described in
Volume I of this report (Reference 89). The nozzle internal performance
methods are basically those developed by P&WA which are described in
Reference k1.

3.1 TWIN-NOZZLE/AFTBODY DRAG

The computational methods employed for predicting boattail pressure and friction
drags and annular base drag are presented in this subsection. All methods are
based on empirical correlations of wind tunnel data and, except for the

friction drag routine, are different for subsonic and supersonic speeds.

3.1.1 Boattail Pressure Drag

3.1.1.1 Subsonic Flow

This subsection present the methods for predicting the boattail drag aft of
the metric break station for Mach numbers less than 1.0. The boattail drag
coefficient reterenced to the cross-sectional area at the metric break station
(AMB) is computed from the following empirical correlation of the Phase II
data. :

¢ = (2@)2/3 A 4ok, A5 4 K3 Fi (1)
DPT 1 Moo %/[B quMB
where
A 2/3
kK _C Mew_ (2)
- (i)
K2 _ ACDA (3)
]
ani
Ky _ AR (&)
.
id
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AF is the projected boattail frontal area, (AMp - AS), Ag is the shroud area for
both nozzles (sum of jet and base areas) and Fy4 is the ideal thrust of the
twin jet model obtained by isentropic expansion of the exhaust flow to free-
stream pressure. The first term in Equation 1 is the jet-off drag, the second
term is the drag increment when going from jet-off to operation at the nozzle
design pressure ratio and the third term represents the drag increment when
going from design pressure ratio operation to operation at a higher pressure
ratio. The design pressure ratio for convergent and convergent-divergent
nozzles is defined as that pressure ratio associated with a cylindrical plume
(static operation) and with critical throat flow. For unshrouded plug nozzles,
the design pressure ratio is set equal to the design pressure ratio of a
convergent nozzle.

N
The jet-off drag coefficient parameter, K;» is presented in Figures 2 through
4 for the narrow, intermediate, and wide nozzle lateral spacings with horizon-
tal interfairings and a single vertical tail. The drag parameter is obtained
from these figures through use of the integral mean slope (IMS) of the
equivalent body of revolution and the shroud to metric break area ratio
(Ag/AMp). The correlation results shown in Figures 2 through L are applicable
for all nozzle configurations except the narrow-spaced normal-power convergent-
flap configuration. Correlation results for this configuration are presented
in Figure 5. Correlation results for narrow spaced configurations with
vertical interfairings are presented in Figure 6. Figure T presents correla-
tion results for wide spaced configurations with twin vertical tails. A
linear interpolation and extrapolation for area ratios other than those pre-
sented in the figures is employed.

The drag parameter, Kp, for determining the increment in drag when going

from jet-off to jet-on at the nozzle design pressure ratio is presented in
Figures 8 through 10 for narrow, intermediate and wide nozzle lateral
spacings and for Mach numbers ranging from 0.6 to 0.9. This drag increment
is presented in terms of an increment in drag coefficient referenced to the
twin nozzle shroud exit area (sum of jet and base areas) and is correlated

as a function of boattail trailing edge ©Op, at the nozzle exit. The results
shown in the figures are applicable for all configurations.

For convergent and convergent-divergent nozzle installations, the drag para-
meter, Ko, which is the increment in drag when going from design pressure

ratio operation to operation at a higher pressure ratio, is presented in
Figures 11 through 13 as a function of the nozzle underexpansion lcss. The
drag increment, which is normalized by the ideal thrust, is dependent on both
the Mach number and shroud exit to metric break area ratio. Figure 14 and

15 present the drag parameter, K3, for the normal and maximum A/B plug nozzles,
respectively. The drag parameter in these figures is presented as a function
of a reference convergent nozzle underexpansion loss.

3.1.1.2 Supersonic Flow

This subsection presents the methods for predicting the boattail drag aft
of the maximum area (exclusive of wing) station for Mach numbers greater than

8
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1.0. Boattail drag coefficients, based on meximum area, for a supersonic
external flow are camputed from the following equation

A 6n P -P\[AN[P.\
ch: CnEB -_6;2.‘1‘._ % . Ky ( — L) {A:l){q”) (5)
EB

where the first term is the Jet-off drag and the second term is the increment
in drag when going from jet-off to jet-on operations.

The equivalent body drag is obtained by entering the method-of-characteristics

boattail drag correlation curves presentedin Figure 16 with tge Maéh number
end IMS. The ratio of jet-off drag to equivalent body drag ( D ) is

obtained from the correlation results presented in Figure 17 as a function of
Mach number and vertical stabilizer tape.

For jet-on operation, K, which is the increment in drag from jet-off
operation normalized by the product of the difference between the nozzle
internal exit pressure and the local boattail surface pressure (assuming

no flow separation), is obtained from Figure 18 as a function of nozzle mean
boattail angle. The mean boattail angle used is the mean angle over a
distance corresponding to one-third of the nozzle exit radius. This length
was selected as being representative of the flow separation length. The local
boattail flow properties are obtained from a method-of-characteristics
solution (a large mesh size was employed to minimize computer time).

The correlation results presented in Figure 18 are restricted to pressure
coefficients (P; - Pi)/qL greater than 1.4, This pressure coefficient value

was based on the empirical observation that little or no separation occurs
for lower values. The results are also not applicable for Mach numbers
greater than 1.6; a linear variation of K. with Mach number from the Mach
1.6 value to a K5 value of zero at a Mach“number of 2.0 is recommended.

3.1.2 Boattail Friction Drag

The required input for computation of the boattail friction drag is the boat-
tail length (LBT) , the wetted surface area (A,), and either the momentum
thickness (6) ~at the start of the boattail or an effective flat plate
length (Ibff) upstream of the start of the boattail. With these inputs, an

average boattail skin friction coefficient is computed by use of Sivells-
Payne correlation (Reference 12) which, when combined with the wetted area,
yields the friction drag as discussed below,

With an input momemtum thickness at the start of the boattail the reference

length Reynolds number, Ré s 1s obtained by iterative solution of the
following equation 1
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. 2
R, _ ™M (o0.okk Rell)/(Loglo Ry - 1.5) (6)

’
e
Gul 1

where the primed quantities denote values evaluated at the reference tempera-

ture, Tl s which is obtained from the following equation
‘ Taw
T- = T [1+o.o35 M2, + 0.45 = - ] (7)
"1
where

T, =T [1.0 +(_Y_;i) (0.89) Mz,,,] (8)

If an effective flat plate length upstream of the boattail is input, the
reference Reynolds number is obtained from the following equation:

R P Up Depr (9)
1 T T1zg ]

The local skin friction correlation equation taken from Reference 12 is

¢ |0-088 (Log , RE; - 2.3686) | T (10)

£ = - :
- T’
1 (Log, ,, Rel 1.5) 31/

1

The local skin friction coefficient at the end of the boattail is computed in
a manner similar to that described above except that the length employed in
the computation of the reference length Reynolds number is

L.=L __+1L (11)

If the momentum thickness Reynolds number is input, the effective flat plate
length at the start of the boattail is computed as follows:

12 g 4, Re

1=
Leff: = U (12)

Pl ®

The skin friction drag coefficient based on maximum ares is
(C. +C.)
f
¢y - ! fz- i (13)
£ 2 By
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3.1.3 Annular Base Drag

The annular base pressure for a subsonic external flow is computed from the
following modification (developed in Reference 89) of the Brazzel-Henderson
base pressure correlation (Reference 33).

0.9 + 0.0167 (R_,)
B Rue (1L)
P, 0.94 +0.06 (A//A))

where Rmf is the nozzle exit to freestream momentum ratio, defined as

Rmf _ ) | Ye 11:8 Aei: (15)

For a supersonic external flow, the following base pressure correlation
developed by Brazzel-Henderson is also employed.

R
0.19 +1.28( _"r (16)

'Pl[""]laa+3oA/AM _ 1+R

= )Z(Axe) (Axe)2
+ 0.047 (5-Mge +
DM DM

The first term on the right side of Equation (16) normalizes the jei tempera-
ture to the jet temperature of a soric nozzle. The second term corrects for
boattail effects, and the third term is a correlation based on the ratio of
nozzle exit momentum flux to freestream momentum flux. A nozzle position
(relative to the end of the boattail) correction is obtained by the fourth
temn,

f
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3.2 NOZZLE THRUST COEFFICIENT

This section describes the numerical methods employed for computation of

nozzle thrust and discharge coefficients. Prediction methods for convergent,
convergent-divergent, convergent-divergent ejector, and plug nozzles are de-
scribed. The thrust coefficient is defined as the ratio of actual gross thrust
to ideal gross thrust based on isentropic expansion of the actual mass flow to
freestream prerzuce. The discharge coefficient is defined as the ratio of
actual mess flow to ideal mass flow computed assuming one-dimensional sonic
flow at the nozzle throat.

3.2.1 Convergent Nozzles

Convergent nozzle thrust coefficients are computed by use of the following

equation,
A ! A
o I?e Cf1ow (1 +yM 2) - EE_ fg _ eflow) . Py fg
% *
S, M T \RTTR )R B
Cp = : F, /(F . %) L (17)
i [Py AF
D T
where - - 1/2
By ™ T y-1 P Y
S e _1’_( ) . (18)
r, A :

The term enclosed within the brackets in Equation 17 is the total momentum

of the flow at the nozzle exit, normalized by PT A;.
. T

The stream thrust correction factor, C,, in the above equation is assumed to

s’

be 0.997. Equation 17 differs slightly from the equation presented in Refer-

ence 41 with the addition of the second term within the brackets. This term

represents the pressure force (normalized by PT A%) exerted on the area in-
T

crement between the physical and effective exit flow areas. The pressure,
1
Pe , is assumed to be equal to freestream pressure for nozzle pressure ratios

less than critical (unity throat Mach number for one-dimensional flow). For
nozzle pressure ratios greater than the choking pressure ratio (pressure ratio
where the flow field is fixed and the discharge coefficient is independent of
pressure ratio) Pé is assumed equal to the exit pressure, Pe‘ A linear var-

iation of Pe with nozzle pressure ratio is assumed between the critical and
choking pressure ratios. The critical pressure ratio, (PT /Pw)CR’ and choking
pressure ratio, (PT /P;)CK, are computed from the following equations.

T

2l



v/(y - 1)
) 19)

(PTT/P‘”)CR = (l—;f 1

. /P = 3.5 - Tan] 23.8063 (C -0. 20
(y /Po)og = 3:5 an { 23 (Coy_ -0:95) (20)

Equation 20 was empirically derived (Reference 41) and represents the nozzle
pressure ratio at which the discharge coefficient, CdN , remains fixed.

max

As discussed in Reference 41, the discharge coefficient, CdN , 1s sensitive

max

to both the upstream approach angle, a, and the nozzle lip radius of curva-
ture, Rc. Correlations of the discharge coefficient (CdN ) as a function

max

of approach angle and radius of curvature ratio, Rc/RT’ are presented in

Figures 19 and 20 respectively. The appropriate discharge coefficient,
CdN , to be used in Equation 20 is the larger of the two values obtained
max

from Figures 19 and 20.

The nozzle discharge coefficient obtained as described above is, of course,
the appropriate discharge coefficient for nozzle pressure ratios greater than

the choking pressure ratio (i.e., CdN = CdN ). For nozzle pressure ratios
max
less than the choking pressure ratio, the nozzle discharge coefficient, CdN’
is determined from the following equation:
2 \ )3
PTT PTT PTT PTT
=€ -, )— -\s— +C )= -\ (21)
dN thax 2 (P, B CK 3R, P CK
where
2 2
C, = 8 B3/ deN - 0.965) + L4 B ] (22)
max
and
C, = 0.0011 - 0.00205 [Sin (74.8 (c - o.952))]
3 dn
max
+ |(0.2 - ¢y ) 0.057h +aBS ((0.%2 - Cyy ) .057h)] /2 (23)

max max

The constant, B, is set equal to 0.01. The above equations are empirically
derived in Reference L41.
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The area ratios employed in the thrust coefficient equation (Equation 17)

are obtained as follows. For nozzle pressure ratios less than critical, the

ratio of actual to sonic flow areas (Ae /A%) is obtained in the usual man-
flow

ner from the exit Mach number, Mé. For nozzle pressure ratios greater than

critical, the actual sonic flow area ratio is unity. The physical exit to
sonic flow area ratio is obtained from the following ¢quation for nozzle pres-
sure ratios less than critical.

A A

B A ®flov _ 1 _“flow (24)
A% Ae A% ch A%
flow

For nozzle pressure ratios greater than critical, the exit to sonic flow area
ratio is equal to the inverse of the discharge coefficient.

3.2.2 Convergent-Divergent Nozzle

The method employed for computing convergent-divergent nozzle thrust coeffi-
cients depends upon whether the flow is unchoked, choked with internal flow
separation, or choked and flowing full (i.e., no internal separation). For
nozzle pressure ratios less than critical (unity throat Mach number for one-
dimensional flow), the flow is subsonic and the nozzle is treated as a sub-

sonic diffuser. The computational procedure is as follows. A throat Mach

number is first assumed and a recovery loss coefficient z;PT/qT, is obtained

from Figure 21 as a function of nozzle internal divergence angle, 6. The
nozzle exit to throat total pressure ratio is obtained from the following
equation.

T T
e T - 2 (25)
PT

A A *\ a T

g (5) | “
T

LV (ﬂ_) -

¥ * A

A A S A

2L
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Tre throat flow to sonic flow area ratio in Equation 27 is obtained as a

function of the assumed throat Mach number and the throat flow to geometric

throat area ratio is obtained from the nozzle discharge coefficient (AT /AT
flow

= ch)‘ The discharge coefficient is taken as the larger of the two values

obtained from Figures 19 and 20. The exit to sonic area ratio obtained from
Equation 26 yields an exit Mach number which in turn yields an exit static
pressure. If the exit static pressure does not equal the freestream static
pressure the calculations are repeated using a different value for the throat
Mach number. The thrust coefficient is then computed from Equation 17 with
Ae assumed equal to Ae . The stream thrust correction factor is obtained
flow
from Figure 22 as a function of exit to sonic flow area ratio and internal
divergence angle.

For nozzle pressure ratios greater than critical but less than that required
for the nozzle to flow full (no separation), two computational procedures are
employed. For nozzle pressure ratios slightly greater than critical, & linear
variation of thrust coefficient from the critical value of thrust coefficient
is assumed. This linear variation is terminated (based on empirical observa-
tion) at & nozzle pressure ratio computed from the following equation.

P

P
T T P
Ty _ T) [ e
P - R, (P ) (28)

[= =] =5
L

where PT /Pe is obtained (assuming the nozzle flows full) from one dimensional
T
flow relationships and

=0.77
P A
(Fe') = 0.1 {100'03326 ¥ 0‘72} 10 (A—e - ) (29)
@ T

L

The thrust coefficient for nozzle pressure ratios greater than the computed
pressure ratio from Equation 28, but less than that for the flowing full
case, is computed from the following equation.

A
e P A
se e
St w2 +vE )|+ [P B -5
S T T T TT
T (30)
*
Fip/ (PTT AT)
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where Psep is the static pressure just upstream of the separation point,

A is the flow area at the separation point, Msep is the Mach number at
sep

the separation point, and the integral term is the pressure force acting on

the nozzle inner surface in the separated flow region. The stream thrust

parameter, Cs’ is obtained from Figure 22 as a function of Asep/A¥ and 0.

The surface static (upstream of separation point) to total pressure ratio is
computed from the following equation.

P Py
PieB = 0.63 + 0.04 1n (0.01) 5— (31)
T Ty

Equation 31 results determine the Mach number, Msep’ which in turn locates

(through the area ratio function) the separation point. The integral term
.n Equation 30 is computed from the following empirical equation.

P
A
PdA _ /6+Psep TT Ae _ _sep (32)
Ppo AL By LY
T T \ T
7
When the nozzle is flowing full, Equation 17 is used for computing thrust
coefficients. The exit :“low area (Ae ) is, however, set equal to the

flow
physical area (Ae). The pressure ratio (PT /P_) where the nozzle is just
T

| e@

flowing full is computed from the following equation.

P F

T P T
L) ==k |2 (33)
P, ). B, \F

where PT /Pe is obtained from a one-dimensional flowing full analysis and
T

Psep/Pw is a constant obtained from Equation 31 (after rearranging).

The nozzle discharge coefficient for convergent-divergent nozzles is defined
as the ratio of actual mass flow to ideal convergent nozzle mass flow, or

c. = (mC-D) act (34)

R C—

In terms of ideal conditions, the above equation becomes
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) 1a A rlow
S €T £

where AT flow/AT is the larger of the two values obtained from Figures 19 and

20. For pressure ratios greater than critical for the reference convergent
nozzle, the ideal mass flow for the C-D nozzle is identical to the ideal mass
flow of the convergent nozzle. Thus, the discharge coefficients can be ob-
tained, as previously described, from Figures 19 and 20. For pressure ratios
less than critical for the reference convergent nozzle, the ideal C-D nozzle
mass flow is greater than the ideal convergent nozzle mass flow. This is be-
cause the critical pressure ratio for a C-D nozzle is lower than the critical
pressure ratio for a convergent nozzle due to the diffusion in the divergent
section. The discharge coefficient equation is rewritten, therefore, as

c

M Q + B w?) -(2%:_%1)) Ay e1on

36
. (36)

c ( )
1 .2, |2 y-l))
R 1+ x§— M, )

where MT is the C-D nozzle throat Mach number and Me is the exit Mach number

of the reference convergent nozzle.

3.2.3 Convergent-Divergent Ejector Nozzle

The computational method employ<d for predicting C-D ejector nozzle perform-
ance follows closely the method employed for C-D nozzles. The primary dif-
ference is the addition of a routine for computing the ejector pumping char-
acteristics. The method employed is the one-dimensional compound-compressible
flow analysis of Bernstein (Reference 45). Bernstein's method is programmed

so as to obtain secondary to primary mass flow ratio as a function of secondary
to primary total pressure ratio and vice versa.

With the addition of the nozzle secondary flow, the nozzle thrust coefficient
equation with no internal flow separation becomes

A
f o @+l ) 48 = ( 2 = fe
C P A% Y. + 5— AX l+yM )] -
s |P T ATP ®p PTP ATP es PTP pr
Cp = ( Fid L [ Fid (37)
P A P, »*
T A Tp ATP



where the secondery and primary flow areas,Mach numbers, and exit pressure at
the nozzle exit are obtained from standard one-dimensional celculations em-
ploying the secondary to primary mass flow ratios and total pressure ratios.
The stream thrust correction factor, CS’ is obtained from Figure 22 as a

function of internal divergence angle and shroud exit to primary nozzle area
ratio. For cases with internal flow separation, the thrust coefficients are
computed by a method similar to that employed for C-D nozzles. Primary nozzle
discharge coefficients are also computed in the same manner as for C-D nozzles.

3.2.4 Plug Nozzles

The plug nozzle performance routine is based on both analytical and empirical
correlation methods. Specifically, for supersonic flight Mach numbers a com-
bined analytical/empirical method is employed, while an empirical method is
employed for subsonic flight Mach numbers. The reason for this is that, for
supersonic flight Mach numbers, the nozzle pressure ratio is sufficiently
high such that there is little or no influence of the external flow on the
plug surface pressure distributions. For subsonic flight Mach numbers, the
influence of the external flow is felt over a large portion of the plug sur-
face, especially at low nozzle pressure ratios.

The method employed for computing the plug surface pressure force and nozzle
thrust coefficient for a supersonic external flow is as follows. First, the
total flow expansion around the shroud lip is computed assuming the flow ex-
pands to freestream static pressure. This flow turning is divided into a
number of equal turning increments. For the initial flow angle increment,
the Mach number at the shroud lip is computed using the Prandtl-Meyer rela-
tionship. The right running characteristic ray is then constructed and its
intersection with the plug surface computed. For this computation, the char-
acteristic ray is assumed to be straight. The plug surface Mach number at
the intersection point is obtained from the Prandtl-Meyer relationship as-
suming a flow deflection equal to twice the flow turning increment at the
shroud 1lip. This procedure accounts, approximately, for the expansion fan
reflection from the plug surface. The method is approximate, since the actual
characteristic ray is curved rather than straight, as assumed. Nonetheless
the surface pressure distributions computed as described are in excellent
agreement with exact method-of-characteristic calculations.

The above procedure is repeated until the flow is expanded to freestream
pressure or the end of the plug is reached. In the former case, where the
last ray intersects the surface upstream of the plug base, the external flow
will definitely influence the plug surface pressure distributions. It is
assumed, however, that the region influenced by the external flow is small.
It is further assumed that the pressures in this region are near freestream
pressure. Based on empirical observations, the above assumptions will intro-
duce little error provided the nozzle pressure ratio is greater than approx-
imately 4.0 and the plug configuration is similar to those tes’.ed.
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The nozzle gross thrust is the sum of the gross thrust at the nozzle exit,

the plug surface pressure force, and the plug base force (or drag). The gross
thrust at the nozzle exit for unshrouded nozzles is computed in the same manner
as for convergent nozzles and for shrouded plug nozzles in the same manner as
for C-D nozzles. Plug base pressure correlations are employed for computing
plug base forces. The plug base pressure is computed from the following cor-
relation equation:

P

_b_ = L 4 312 8

P 1.975 (38)
T (PTT/P,,,)

This equation is applicable for nozzle pressure retios ranging from approxi-
mately 4.5 to the pressure ratio where the ratio of base pressure to nozzle
total pressure remains invariant with nozzle press.re ratio. The plug base
to nozzle total pressure ratio becomes invariant with pressure ratio when the
last characteristic ray from the shroud lip lies downstream of the base wake
region.

The invariant base pressure is computed from the following equation:

Pp
= = 0.517f{=— ] +0.0046 (39)

F
TT e

where (PP/PT ) 1is the ratio of plug surface static pressure just upstream of
Te
the plug base to nozzle total pressure. For nozzle pressure ratios less than

4.5, the base pressure is assumed equal to freestream static pressure.

For a subsonic external flow, the plug nozzle thrust coefficient is computed
from the following equa .ion:

= AD _
Cp = C'I‘e *Fida - K (ko)
where
= AD _ -
Ky = 51a = Cp = Cp ) (k1)

e

CT in the above equation is the ratio of computed gross thrust at the nozzle
e

exit to ideal gross thrust (Fid) obtained by expanding the flow isentropically
to freestream static pressure, and AD is the drag increment between operation
at the design pressure ratio and operation at a higher pressure ratio and is
obtained from Figures 1k and 15 as a function of the underexpansion loss,
(1-CT ). The plug thrust/drag parameter, K, , is obtained through interpola-

e tion and extrapolation of the correlation results presented in Fig-

ures 23 and 2..
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SECTION 4

OPERATING INSTRUCTIONS

4,1 INPUT REQUIREMENTS

The input for the external drag and internal nozzle performance computer
program consists of fixed and variable parameters in a main 25 card set plus
optional curve data and input routine control cards. The fixed inputs, which
are constants for each computer run, are discussed in Subsection 4.1.1. The
variable inputs, which allow a series of values or curve data to be input for
each run, are discussed in Subsection 4,1.2, followed by a description of the
required input control cards in Subsection 4.1.3. The 25 card main input
data set is summarized in Table 1, including card numbers, data descriptions
and locations, available input options, and where appropriate, identifiers for
the optional curve data inputs. Tables 2 and 3 describe the input curve
formats. Sample input sheets are given in Appendix A,

4,1,1 Fixed Input

The fixed input data required are the title, the basic aircraft external
geometric data, and the nozzle internal geometry data, The title, on card 1,
may consist of any combination of alpha-numeric characters and may be placed
anvwhere in columns 1 through 72. This title will be printed at the top of
each page of computer printout. The first three inputs on card 2 are input
keys for selection of nozzle spacing, nozzle type, and interfairing type,
and have the options shown in Table 1. The inputs are integers (no decimal)
input in fields of 3 columns starting with column 1. The integer inputs
must be right-adjusted; i.e., the final digit must fall in the last column
of the input field. The last six inputs on card 2 are real numbers (input
with decimals) in fields of six columns starting with column 10. These in-
puts include wing area, maximum cross-sectional area, ratio of metric break
area to maximum area, the initial boattail length, initial boattail integral
mean slope (IMSF), and boattail wetted area for the portion of the aftbody
between the maximum are a location and the metric break,

Nozzle internal fixed inputs are shown in Table 1 under each nozzle type
heading. The nozzle fixed inputs are on the last non-blank card in the data
set; however, enough blank cards must be added at the end of the set to make
a total of 25 cards. The inputs required for convergent nozzles are the
minimum and maximum throat areas corresponding to normal and max A/B power
settings, input as real numbers on the first two fields of 6 on card 22, For
convergent-divergent nozzles, the axial length of the nozzle divergent sec-
tion, the minimum nozzle expansion ratio, and the maximum nozzle expansion
ratio are input as real numbers on card 22 in fields of 6 columns, starting
with column 1. The fixed inputs for the convergent-divergent ejector nozzle
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TABLE 2. UNIVARIANT CURVE DATA INFUT KEY

CARD | COLUMNS MODE CODE DESCRIPTION
1-6 Alpha-Numeric -- |Curve identifier
7-9 Integer 1 |Linear interpolation
Parabolic interpolation
10-12 Integer 0 |No extrapolation on X
1l |Extrapolation on X
13-15 Integer == |Number of X and Y numbers
1-72 Real -- [Data in order X, ¥, X, ¥, . . . in
fields of six columns each. May
require several cards
TABLE 3. BIVARIANT CURVE DATA INPUT KEY
CARD| COLUMNS MODE CODE DESCRIPTION
1 1-6 Alpha-Numeric -- |Curve identifier
7-9 Integer 3 |Linear interpolation on both X and Z
4 |Parabolic interpolation on both X and Z
5 |Parabolic interpolation on X and linear on Z
10-12 Integer -1 |Extrapolation on X only
d No extrapolation
Extrapolation on both X and 2
13-15 Integer == |Number of Z values to be read (ma.y be up to
19)
16-72 In*eger -- |Number of X and Y numbers for each Z, in
order of input, in fields of 3 columns each
2 1-72 Real -- |Data in order Z, X, ¥, X, ¥, . . ., Z, X,
Y, . . . in fields of six columns each.
May require several cards.
]
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are on card 25 and are the same as for the convergent-divergent nozzle
except for the addition of the secondary flow specific heat ratio (real
number) in columns 19 through 24. The plug nozzle fixed inputs, real numbers
in the first six fields of 6 columns on card 23, are the conical plug angle,
the plug base area, the minimum throat area, the maximum throat area, the
minimum nozzle expansion ratio, and the maximum nozzle expansion ratio.

The following nomenclature is employed for the fixed input terms in Table 1.
Self explanatory items are not included,

S/D - Nozzle Spacing Ratio - The ratio of the distance between the
centerlines of the nozzles to the maximum nozzle diameter,
The approximate values of 1,25 for narrow, 1.625 for inter-
mediate, and 2.0 for wide spaced nozzles are suggested since
the data correlations are based on data for these ratios,

NT - Nozzle Type - Convergent type nozzles include convergent-flap
and convergent-iris types.

IT - Interfairing Type - The distinguishing characteristics of the
interfairings is the orientation of the trailing edge (ver-
tical or horizontal).

AMB/AM - Metric Break Area Ratio - The approximate value of 0,35 is
suggested since the data correlations were obtained with this
value,

IMSF - Forward Integral Mean Slope - IMS value for the surface between

the maxizum fuselage area and the metric break stations. A
negative input means that an area distribution curve (X/D,, vs
A/AM) is being included and IMSF will be computed interna%ly.

AWF/AM - Initial Boattail Wetted Area Ratio - The wetted area (not in-
cluding the lifting portion of the wing) from the maximum
fuselage area station to the metric break station, divided by
the maximum area,

(AE/AT)MIN ~ Minimum Nozzle Expansion Ratio - The minimum expansion ratio
used to test for maximum thrust-minus-drag.

- Maximum Nozzle Expansion Ratio - The maximum expansion ratio
used to test for maximum thrust-minus-drag. Twenty expansion
ratio values are tested between the minimum and maximum values.

(Ap/Ap)yax

4,1.2 vVariable Inputs

The variable inputs are those data which are changed as parameters of the
performance analysis plus the portions of the aircraft irternsl and external
geometry which change with variations of these parameters. Each type of
variable input occurs on & different card, allowing the user to input several
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values of each run parameter on each card. The program runs all possicle
combinations of the run parameters, cycling from larger to smaller sequence
card numbers and from left to right for a given sequence number.

The input cards for the variable input data, cards 3 through 21 plus nozzle
type dependent cards, all have the same data format. The first three fields

on each card are of 3 columns each, starting with column 1. These three inputs
are integers and include, in order, a sequence or identification nuaber

which is the sgme as the card number, the number of values of the variable
input which appear on the card, and an input code selecting from the possible
input types allowed for each variable input, as noted in Table 1. All the
integer inputs must be right-adjusted in their respective fields. Up to ten
values of each parameter may be inmput on each card in the following ten real
number fields of six columns each, columns 10 through 69.

The following input code (ICODE) combinations for input of the freestream
conditions in cards 3, 4 and 5 are unacceptable.

ICODE (3) ICODE (4) ICODE (5)

1 1 2

1 L 2
22 1 2
22 1 3
22 b 1
22 4 2
22 L 3

If any of these ICODE combinations are used, an error message will result
with a brief description of the inconsistency.

The following nomenclature is employed for the variable input items in
Table 1.

PS - Power Setting - The value of power setting is used only as an in-
dependent variable on optional user-supplied curves (see cards 7, 8,
and CD ejector card 24), The scheme of the power setting values is
left up to the user.

PTP/RJo - Nozzle Pressure Ratio - Primary total to freestream pressure ratio
in the case of an ejector nozzle. :
:
Yp - Nozzle Specific Heat Ratio - Primary stream specific heat ratio in
the case of an ejector nozzle.

llozzle Throat Area - Either the physical throat area (AT) or the aerodynamic
throat area (ATflow) may be input. Whichever is input, the program will

compute the other internally.



- Nozzle Throat Approach Angle - The angle between the internal wall
and the nozzle centerline in the conical part (if any) upstream of
the nozzle (primary) throat. For plug nozzles, enter zero.

Nozzle Throat Geometry - For convergent, convergent-divergent, and ccnver-
gent-divergent ejector nozzles, the ratio of the internal contour radius of
curvature (if any) at the nozzle (primary) throat to the throat radius
(RC/RT). For plug nnozzles, the input value is RC RT/Sz, wherv RC 1s the

average radius of curvaivure between the internal shroud and plug at the

throat, R

T is the average radius between the shroud and the plug at the

throat, measured from the nozzle centerline, and S is the height of the
throat region measured normal to the plug.

Ag/Ay

AX/DM

L/D

IMSA

BA/A,

Nozzle Expansion Ratio - A value not equal to 1.0 for the case of
a convergent or unshrcuded plug nozzle will result in an error
message. A request for the maximum thrust-minus-drag will perturb
the expansion ratio from the minimum to the maximum value.

Nozzle Base Length to Diameter Ratio - The axial distance covered by
the base of a nozzle, such as in the case of a flap nozzle, divided
by the equivalent maximum diameter.

Mean Nozzle Boattail Trailing Edge Angle - The mean boattail angle
at the end of the boattail over a distance of one-third the exit
radius.

Total Boattail Length to Diameter Ratio - The total length from the
maximum area station to the end of the nozzle or interfairing,
whichever extends further, divided by the equivalent maximum dia-
meter. The independent variable in the curve IDC172 is the difference
between the maximum and total frontal areas, equivalent to the base
plus exit areas,

Aft Integral Mean Slope - A code equal to 3 means an area distribu-
tion curve is being furnished consisting of X/Dy versus A/Ay aft of
the metric break in order to calculate IMAS internally. The initial
area (metric break area) must be the maximum area of the array and
the areas must be continually decreasing with increasing X.

Adjusted Projected Frontal Area Ratio - An non-zero input is used
when the configuration is characterized by an increase in area dis-
tribution, such as in the case of the fantail portion of a maximum
afterburning nozzle., The value of AA is that frontal area, forward
and rearward facing, =~ ich is not included in the frontal area de-
termined by taking t ~ maximum minus the exit plus base areas.

Nozzle Boattail Trailing Edge Angle - The nozzle boattail angle at
the trailing edge of the boattail surface,
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AW/AM - Total Boattail Wetted Area Ratio - The wetted area (not including
the control surfaces) from the maximum area station to the end of
the body.

AST/A - Shroud Throat Area Ratio - The ratio of the minimum area of the
T . . . .
mixed region of an ejector nozzle to the primary throat area.

Pumping Characteristics - User has the option of furnishing either the
secondary to primary total pressure ratio, PTS/PTP’ or the corrected mass

flow ratio, W,/Tp, / Wp,/Tppe

LP/DM - Plug Length to Diameter Ratio - The length of the exposed portion
of the plug divided by the equivalent maximum diameter of the
configuration.

Most of the variable inputs may be input as curves as an allowable >ption.

To exercise this option, the user places a 1 in column 6 (number of input
values) and the appropriate input code in column 9. The data curves are then
input as either univariant (one independent and one dependent variable) or
bi-variant (one dependent and two independent variables) according to the

input code selected. The identifier (name) of each curve (as given in Table 1)
is formed by adding' the (two-digit) card number and (one-digit) input code
number to the characters IDC. For instance, a bivariant curve for nozzle
pressure ratio is called IDCO73. The curve data are input on cards following
the 25 cards in the main input set.

Univariant curve data must begin with a card containing the curve identifier
(alpha-numeric) in columns 1 through €, an interpolation ccde integer in
columns 7 through 9, an extrapolation code integer in columns 10U through 12,
and the total number (integer) of input fields for X and Y data for the curve
in columns 13 through 15. The succeeding cards contain the data in the order

Xl’ Yl, X2, Y2 «e. in real number (decimal) fields of six columns each start-

ing in column 1. The univariant curve data input key is found in Table 2.

Bivariant curve data begin with a card containing the ident:fer (columns 1
through 6), the interpolation code in columns 7 through 9, the extrapolation
code in columns 10 through 12, the number of Z values (integer, columns 13
through 15), and the number of X and Y fields for each Z in integer fields

of three columns each starting with column 16 and input in the same order as
the Z values, The following cards contain.the data in the order Z_, Xll’ Yll’
Xl2’ le, ol € Z2, X2l’ Y21’ X22, Y22, see 1n real number fields of "six CTolumns

each starting in column 1. The bivariant curve data input key is found in
Table 3. An example of each curve type is given in Appendix A,

4,1.3 Input Routine Control Cards

The input routine control card follows a complete main input set of 25 cards
and optional input curves and allows the user one of four options. If further
variations in the nozzle independent variable-type inputs (cards 3 - 21) are
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desired with the inclusion of a new title card, & 99 caxr (columns 2 and 3)
containing the number of variation cards to follow (colw:ins 5 and 6) is used.
If no new title card is to follow but variation cards are included, an 88
card is used (8 in columns 2 and 3, the number of variation cards in columns
5 and 6). The variation input cards need contain only those data changed
from the previous case but may not be used to change either fixed input or
nozzle-dependent variable input. Additional optional data curves follow the
variation cards but a new curve may not be used to replace a curve used in
the basic case. If another basic case of 25 cards is to follow, an 888 card
is used (columns 1, 2, and 3, all other columns blank) followed by the 25
cards and optional data curves. The input routine is terminated by the use
of a 999 card. The arrangement of the input, curve, and control cards is
shown in Figure 25.

4,2 PROGRAM OUTPUT

The aircraft geometric characteristics and internal and external performance
parameters are printed at the end of each case., Input inconsistency or non-
convergernce of a program iterative routine causes the program to print an
error message and advance to the next case. A discussion of the output format,
including a listing of all the error messages, is presented below,

L.2.1 Format Description

The input title for the computer run is printed out at the beginning of each
set of output data. This is . llowed by the configuration description

(nozzle spacing, interfairing type, nozzle type, vertical stabilizer type,

and clean or actual aircraft model) at the left side of the page. The aft-end
geometric characteristics and the internal and external performance parameters
are listed in four columns, each of which contains descriptive variable names
and the associated input or computed value., The first (left hand) column
lists the input flight conditions and computed performance parameters, The
next column lists the fixed and nozzie-power setting dependent aircraft
geometric parameters, Nozzle internal areas and exhaust flow characteristics
are listed in the third column. The fourth and final column contains the
boattall pressure and friction drags, the base drag, and the total aft-end drag
in both force and coefficient forms., The drag coefficient reference area and
the portion of the aircraft to which the analysis applies are defined by the
comment lines printed out after the numerical data. Sample output pages are
shown in Appendix A.

4,2.,2 Error Messages

An inconsistent set of input data or a convergence failure in a program
subroutine will result in an error message being printed out. When a situa-
tion causing an error message is encountered, the program ceases computation
on the case being processed and proceeds to the next case. Each error message
contains a brief description of the type of error and is generally self-
explanatory. In the throat area iteration in the main routine, a location
number is printed out in case of non-convergence identifying which of several
similar iterations the case passed through.
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Input inconsistencies found by the main program are as follows:

DIMENSIOMAL FLIGHT SPEED INPUT REQUIRES AMBIENT PRESSURE AND
TEMPERATURE INPUTS

NON-STANDARD TEMPERATURE INCREMENT MAY BE USED ONLY WITH ALTITUDE
INPUT FOR PRESSURE

NON-UNITY DIVERGENCE AREA INPUT FOR NON-DIVERGING NOZZLE

Additional input data checks are made by nozzle performance subroutines.
Error messages from these checks are:

Subroutine EJECTR

SECONDARY FLOW TOTAL PRESSURE LESS THAN FREESTREAM STATIC
Subroutine NOZPLG

PLUG NOZZLE MUST BE CHOKED

Error messages which may result from non-convergence of iterative computations
are as follows:

MAIN Routine

AT WILL NOT CONVERGE

INPUT TEMPERATURE ITERATION WILL NOT CONVERGE
Subroutine AFTEND

REYNOLDS NUMBER ITERATION FAILED

EXTERNAL EXIT MACH NUMBER ITERATION FAILED
Subroutine EJECTR

PUMPING CHARACTERISTICS ITERATION FAILED

EXIT PRESSURE ITERATION FAILED

MACH NUMBER ITERATION FAILED

RECOMPRESS1ON PRESSURE GREATER THAN THRCAT PRESSURE

UNCHOKED WSWP GREATER THAN CHOKED WSWP
Subroutine NOZZLE

NMOZZLE THROAT AREA ITERATION FAILED

NOZZ1E EXIT MACH NUMBER ITERATION FAILED

COMPUTED NOZZIE DIVERGENCE AREA IESS THAN UNITY
Subroutine NOZPLG

MACH NUMBER ITERATION FAILED AT LOCAL EXPANSION ANGLE

NOZZLE EXIT MACH NUMBER ITERATION FAILED

4,3 PROGRAM SETUP

The computer program has been written in FORTRAN IV compatible with the

SCOPE 3.3 system for the CDC 6600 digital computer. The program requires
300,000 octal bytes of core, 20 seconds of run time per 100 cases, and stand-
ard input/output files, except an alternate file used by LSTDAT, described

below.

The computer program source deck contains one main routine and 13 subroutines.
These are listed below in hierarchical order, i.e., each indentation indicates
that the subroutines in that list are first used by the subroutines in the

preceeding list.
kg



MAIN
AFTEND
ATMg2
EJECTR
FLTSPD
ITRATI
LSTDAT
MPZPLG
NPZZLE
XTRP
ARFAS
ITERAT..
ITRATA
ITRATE

A brief description of each routine is provided below:

MAIN Processes input, calls subroutines, and prints results.

AFTEND - Computes twin-nozzle/aftbody drag.

ATMO2 - Obtains ambient pressure and temperature for the 1962 U.S.
standard atmosphere,

EJECTR - Computes thrust coefficient for a convergent-divergent
ejector nozzle,

FLTSPD - Provides freestream Mach number, true air speed, and indicated
air speed provided one of these parameters is known.

ITRATI -~ One-dimensional solution of & non-linear equation.

LSTDAT -~ Reads in from regular input file, stores an alternate input
file to be read by tlic program for the purpose of listing the
input data

NOZPLG - Computes thrust coefficient for shrouded and unshrouded
plug nozzles,

NOZZLE - Computes thrust coefficient for convergent and convergent-
divergent nozzles,

XTRP - Interpclates and extrapolates input data curves,

AREAS

Determines area and Mach number for both primary and secondary
ejector nozzle flow streams provided the pumping characteristics
and static to total pressure ratios for one of the streams is
known,

ITERAT

Computes Mach number from the Prandtl-Meyer expansion angle.
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ITRATA - N-dimensional non-linear simultaneous equation solution.
ITRATE - One-dimensional solution of a non-linear equation,

The order for deck assembly is standard. Job control cards are placed at
the front, followed by the source deck conteining the main routine and
subroutines listed above. Cards with case input data including the input
curves, follow the source deck. As noted earlier, only standard input and
output files are required, except for the alternate rile used by LSTDAT.
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APPENDIX II
PROGRAM LISTINGS




DIMENSIIN DOB( L71),DOBLL B8),RCRTCDI(32) 4F1G5(32),D0B2(45)

DIMENSION AAL(SC),

XXt50) s JIFF(49), F32181(35), NVARY(24)

MAIN
MAIN

DIMENSIIN IDCO02(50),IDC073(300) 41DC08B2(50) y1DCIF2(500)410C094(50)4MAIN
1 102102(50)+1DCL12(50).1D2123(50)410C132(50)41DCL42(50),10C152(50)MAIN
2 +IDCL162(50).IDCLT72050),132182(50),10C183(10D),IDC192(50),
3 1Di202(50),
3 102203(300).ID2212(50)+12C222(50)1DC232(52)+10C234(50),
& J32242(50),18LK(23),12C{L1T00),INCURVI22),CURVI300)

DIMENSION TITLF(L8) yQIN(30,10),1NUM(30),1CODE(3)D)
EAUIVALENCE (IDC(L),IDCOT72¢1)),010CL 51),

I0C273(1))

MA IN
MA IN
MA IN
MAIN
MAIN
MA IN

1(IDC(351),IDCCE2( 1)) 4(IDC(201),1DC092(1))+{IDCL®51),1DCO94(1)), MA IN
2(102(501), INCLC20 L) ) 4 (IDC(551),1DCLL2(L)) 4 (IDC(502L)o1DCL23(11}), MAIN
3(ID2(651)9IDCL32(1))oUIDCETOL)IDCL42(1D)»(IDCATSL)IDCL52(1)) MA IN
40IDC(BOL),IDCLE201)) »LINC(B51),10CLT2(1)) 4 (IDC(3I1),1DCLB2(1))y MAIN
951), IDC183(L) ) +(IDI(L051)4IDC192(L))(IDCILLOLDIDC202TL)NyMAIN
6(IDC(1401),1DC2034L) ) o(TDC(L451) oIDC21242))4(IDCEL50L),1DC222(1))MAIN
TEIDZ(1550), IDC232¢1 ) )5 (IDI(L60L) 10C234(L))oLIDCCLO6S51),1DC242(1)) MAIN
EJUIVALENCE ( INUM3 o TNUMU3)) o (INUMGyINUM(%) ) o (I NIMS, INUMIS) )y
LOINJMG o INUML €)) o ( TNUMT L,INUML T))o(INUMB ,1NUML 8B)),
20INJY9 5 INUMU S))o( INUMLOI NUMILO) ) o LENUMLL o ENUMLLL)),
3CINJML2y INUMUL2) ) o C INUME3 I NUMIL3)) o LINUMLG,INUM(LS) ),
GQUINJMLS, INUMULS)) o L INUMLOWI NUMIL16)) o (INUMLT 4 INUM(LT ),
STINJULG,) INUMUL8)) oL INUMLIy I NUM(L D)) o LINUM20ENUM20) ),
6L INJN 21, INUME21)) o ( INUM22,I NUM(22)) 4 (INUM23,1NUM(23)),
TUINJY 244 INUML 24))

611DC(

MA IN
MAIN
MAIN
MAIN
MA IN
MAIN
MAIN
MA IN
*,MAIN
®«,MAIN
x,MAIN
®,MAIN
®yMAIN
®oMAIN
*4MAIN
£ oMAIN
NOZ* 4 MA IN
& MAIN
£ oMAIN
€ oMAIN
*,MA N
®gMAIN
®oMAIN
MA IN
«,MAIN
«,MAIN
* o MA IN
*oMAIN
®,MAIN
MAIN
®«/MAIN
MA IN
MA IN

DATA DOB/ *®*NARRK,¥JW Sk, #¥PACI %, &NG &,% LR *o¥ )%
1% %, CINTEXy® AMED* k] ATE®, % SPAR,%C[ NG*, * LY LR
2% *, EWIDE® %k SPA% KT NG*, * k5 ¥k ko¥ ok
3 *, SWIDE* % SPA%,# [ NG*,* k¥ *y % LR LT
4% *, SHORI[*,#ZDONT®, kAL [ %, *NTER*,&FAIRE,*[NG *¢% LR
5% *, EVER TR, kI CAL® g% | NTH,%ERFA* %[ R N&,y %G L L k,¢
6% ¥y SCONVE, R ERGE %o #NT N%, %0221 %, %E L L4 *y% 0%
T* x, KCONVERERGE® y ANT-D% k[ VER¥, *¥GENT®o% NOZ%ko*7LE %,¢
8* *, KCONVE Rz RGEX ¢ ENT=Dky ¢ [ VER*y BGENT R % EJEX o *¥CTUREK 4%
9%ILE ¥, KUNSHR 220UD* o *FD Py kUG %, kNDZ2Zl%y*LE *,% LY
A% *, ESHRO*y RXUJDED* g% PLUKe%G NO*9&Z7LE*, % ok K¢
B%x *, ESING* o ®LE VEG¥ERTI *o%CAL %o #¥STAB® [ L[ Z*,%ER *,%
Cx ¥, CTWINK ® VER® , XTI CAk #L STH,®ABIL* k[ ZFR¥ %S &, %
Nk *, KCLEA® BN AJ R, %R RAX RFT ME,2(JDEL®, * L 'Y LY J
Ex K, RACTU®o %A L A% kIRCR*,%¥AFT *,x% L PR X, % LY
Fe */

NDATA DOB2/%SUBS®y(INIC k% FL(* kW (Uky&«NCHO*, RCKED* o %) L)
G¢ %, ESEPARyRIATE R, #¥)-C USSP [ %, kNTER®y % POL A® T [ON& , %
H* *, KSEPAX RIATE®, %D FLA #0W *,%  #,% o a,
[* %, EFLOWko*XING ®ySFULL®* *, & Ko % LR LEL,
J* ®, SCRITH,®ICAL*¢#-UNC*,*HOKF*,4D  *,# %, €, "
K* */

DATA NDOBL/*METR*y*[( B*y*REAK*, & X, EMAX[ # o XMJM %, % AREAS, ¢

INTEGFR O

REA. LMI0OM , IMSF,LEXP, IDC oJLPyLMB

REA_ IDCOT2,IDZ0T73,IN2082,+10C092,1DCI94,IDC132,1IDCL12,1IDC123, MAIN

1 102132,102142,I0C152,IDC162,1DCLT72,I0C182,IDCLI2,10C202,10C203, MAIN

2 100212,10222241NDC232,1D0C234,10C242,1D0C183 MA IN
DATA [BLK/0, 3504 400, 500y 5504 6024 550+ 700, 750, BOO,MAIN
1 850, 900, 1050, 1100, 1450+ 1500, 1530, 1650/ MAIN

FI(TERM])=3,5-SIN(23.8062%( TERML~,95))/C05(23.8)62%({TERML-,95)) MAIN
C2(TIM]) =B.E-€/((TRML-.965) #¥*2¢4,F-4)
+0011-,00205%SIN(74.8%(TRMX =¢952) ) ¢{ (. 92-TRMX)*,0574¢ MAIN
1 ABS((,92-TRMX)%,0574)}) /2.

CI(TImy) =

6o CINTINJING

68

MA IN

MAIN

000
001
002
003
004
005
006
007
008
009
0lo0
o1l
012
013
014
015
016
o117
oL8
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058



Py

69

FOITARML,TARM2)=TAIML-C2( TARM]L) *(TARM2~-F3 (TARML) ) #324¢C3 (TARML) MAIN

L *(TARM2-F3( TARML)) *#3 MAIN
DATA RCITCD / 2., les 0o 28,y MAIN

A o'l 08830 305' 09' ' cl' o’l'! 0150 0932' HA‘N

B 02' 09193' 03' 0961' ob' 0972' .50 09710 MA'N

C 06' 09810 08' 09850 100' 0989' 1.20 09929 MA'N

D l.6, « 995, 2.0, « 996 / MA IN
DATA FIGS / 2.4 les O s 2B,y MAIN

1 Qoo e998,y 5S¢ «988y 10. «97Be 159 «968, MAIN

2 204y 0958, 25., «947y 30., «e337y 354 «929, MA IN

3 404y «921ly 50., «908, 60., oB3Ty 704 «888, MA IN

4 B80e¢ «882s 904 «8717 / MAIN
DATA FG2181 / 2.+ leo Os 0 324 MA IN

A 009 0953| lo' .96' 2.' 0966' 30' 09710 "‘lN

B 6.9 09750 5-9 .978' 600 098' 10' 0982' "‘iN

C 80' 0983' 90' 0984' lo.. 098‘03' ll-' 09851' "AlN

)] 124 «9855, 13., «9858, 1%.. 298539 1549 «9859 / MAIN

0=3 MAIN

CAL. LSTDAT{D) MA IN

iND = 888 MAIN
IVAY = 19 MA IN

DI L I = 1y22 MA IN

1 NVARY(T) = O MA IN
PT1 = 3,14159217 MA IN
GAMFS = 1.4 MA IN

RIR = ]T716,5 MA IN

GRAV = 32,174 MA IN

RAD = 017453 MAIN

5 READ(D1000)TILE MA IN
INUM22=1 MA IN
INU%23=] MAIN
INU424=] MA IN
IF(IND .EQ., 88E) MA IN
LREAJ(D1010) ISDOeNT oI ToAWING sAMoAMBAMyLMBOM,IMSFy AWFAM MA IN

6 D) 10 J = 1,1VARY MA IN
READ(241015) ICARDINUMCIZARD)ZICUDELICARD)Y s (QINCICARD,()y1=1ly LOIMAIN
IF{IND NE. 88E8) NvAeY{ICAID) = ICARD MAIN

10 CINTINUE MA IN
IFINVARY(4) .FQ. O ~AND. IND. NE. 888) GO TO 25) MA IN
IFLICODE(4) «NEL4)GI TO 12 MA IN

0311 I=1,10 MA IN

11 QINt4, [)=QINL4yI)*]1.ED MAIN
IFINVARY(4) .NELOIGD TO 250 MA IN

12 IF (NT (NE., 1) GO TD 15 MA IN
READ(O+1020VATMIN oA TMAX Qe +{ Q1 =1,412) MA IN

G) 1] 25 MA IN

15 IF (NT WNE, 2) GO TO 20 MA IN
READ{D+1020)FL yAEATMN,AEATMX MAIN
READ(D,10200(Q+I=1,12) MA IN

G) 1) 25 MA IN

20 IF{NT oNE. 3) GO T3 24 MAIN
D) 21 J=1,3 MA IN

21 READ(J 91015V ICARD ¢ INUMUICARD) »ICODELICARD) + {QINIICARDsI)oI=1410) MAIN
READ(Ds1020)LEXP ,AEA TMN,AEA TMX,GAMS MA IN

Gl 1) 25 MA IN

24 READ(D+1015)ICARDoINUMIICARD) oICODE(TCARD) ¢ (QINIICARDyI)yI=1,10) MAIN
READ(D,1030)ALPHAPAPBJATMI N ATMAX,AEATMN o AEAT MX MA IN

sss(ONTINJING

059
060
o6l
062
063
064
065
066
o067
068
069
070
071
072
073
074
075
076
or?
o718
0719
080
osl
082
083
021
08s
086
087
088
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
s10
111
112
113
l14
115



READ(N,1020¥(Q41=1,8)

25 IFLICIDEL12) sEQe4 +ANDe NT.GT.1)DAEAT={AEATMX -AEATMNI/20.

IFLINSF GE. 0.) GO TG 250
READ(Os 1040) L INCURVI J) 9 d=1,22)
NIMSF = INCURV(3)}/2
READ(()91030) (IXXII)AALTI)) oI =1,NIMSF)
NIVl = NIuSF-1
SA = Q.
D) 370 1=1,NIMI
370 OIFFLII=(AALT+1)-AACTLD)/Z7UXX(E¢l)~=XX(1))
D3 380 I = LyNIM]
ADIFF =-AA{1¢]1)¢AAl])

380 SaA = ADIFF.DIFF(1) «ADIFF*(DIFF(I¢1)-DIFF(I)})/2. ¢+ SA

IMSF = SA/{ 1.-AA(NIMSF))
IMSF = ABS(UIMSF)
250 IF(IND .NE. 88€) GI TU 265
D) 26 1=1,1700
26 IDCt1) = 0.
265 D) 30 (=7,24
IFLIND JNE. 888 .AND, NVARY{I ) .EQ., J) GO TO 32
IL3C = IBLK(1-€)
IF(l +EJ. 7 .AND. ICODE(T) .EQ. 3) I1LOC=ILOC+50
IF(1.EQ. 9 LAND. IZODEL 9).EQ.4)ILOC=ILOC+50
IF(l +EQ. 20 AND, ICODE(20) .EQ. 3) ILOC=1LOC+320
IFIT.EQel8 JAND. [.O0DE(18).EQ.3)ILOC=1LACHS50
IF(I.EQ.23 LAND. ICODE(23).EQ.&) ILOC=ILOC+50
IF{ NTJ.NE.3 «AND.[.GEL22)G0 TO 30
IF (ICODE(I) .€EQ. L )GO TO 30
IF (ICODE(I) .EQes 3 LAND.{I .EQ. 9 .DR., I .EQ.23 ))
1G] T3 30

IFLICODE(L) +EQe 4 JAND.(1.EQ.20 .OR. 1.EQ.120)G0 TO 30

IF(ICODE{ 1) £Q.2.AND.1.,€EQ.12)G0 TO 30

IF(1.6T.22 .AND. ICODF(I).EQ.3) GU TO 30

READ(O,1040)( INCURV{J) yJ=1,22)

IN = INCURV(3)

IFUICODE(I) NE. 3) GO YO 29

IF(l +F2. 12 .OR. 1.EQ.18)50 TO 29
Cex+BIVARIATE

NUMZ = INCURV{3)

NUMZ 4=NUMZ ¢+3

ZMAX = 0.
I1<=0
IZSJUM = 0,

D) 27 J= 44NUM4
IZSUM = [ZSUM + INZURVLJ)
27 ZMAX = AMAXL(FLOATIINCURVIJ)) oZMAX)
TZMAX=ZMAX
TZMX1=1IMAX¢]
NUMIXY = 2 ¢+ [ZSUM
READ(O,1030) (CURVIK) oK=Ll ,yNUMZXY)
D) 28 IR = ]14NUMZ
IZ = INCURV{IR+3)¢]
D) 280 IS=1,12
280 IDCUILOC+IK+64IS)=CURVITSel ZMXL*(IR-1))"
IDCLILOC+IK#6)=12~1
€ s [Ke J2 ¢ 1
28 CINTINUE

essCONTINJING
T0

MAIN
MA IN
MAIN
MA IN
MAIN
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MAIN
MAIN
MAIN
MAIN
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MAIN
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[0CLTILOC +5) INCRR VL 3) MAIN 173

=2
10CULILOC+4) = ZIMAX ¢+ 2, MAIN 174
[DCLILOC+l) = INCWRRV(L) MAIN 175
IDCUILOC+2) = INCWRV(2) MAIN 176
G) T 30 MAIN 177
29 IOCC ILOC+4) = INCWRVI3) MAIN 178
IOCEILOC+1) = INCWRV(1) MAIN 179
IDCEILOC+2) = INCURV(2) MAIN 180
READ{O, 10301 IDC(J¢1LOCH+4) 4J=14IN) MAIN 181
30 CINTINUE MAIN 182
OM = 2.%SQRT(AM/PI) MiIN 183
LPRAIINT = 2 MAIN 184
390 IFLICODE(18) .NE. 3) GO TO 40 MAIN 185
SA = Q. MAIN 186
AMAMB = 1./AMBAM MAIN 187
DMOMB = 1./SQRT(AMBAM) MAIN 188
NIMSA = IDC183(4) /2. MAIN 189
NIMAL = NIMSA-] MAIN 190
D) 395 1 = 1,NIMSA MAIN 191
XX{1) = (IOCLB2(2*%]+3)-LMBIM)*DMDMB MAIN 192
AA(I) = [DC183(2%]+4)*AMAMB MAIN 193
IF(1.GEe 2) DIFF(I-1) =(AACEI-AALI-L)D/ZUIXX(D)=XX(T=1)) MAIN 194
395 CIONTINUE MAIN 195
D) 397 1 = l,NIMAL MAIN 196
397 SA ={AALD)-AALI+L)I*DIFF(T) ¢+ (AALT)-AA(T«L))*(DIFF(L*L)-0IFF(I))/2.MAIN 197
1 ¢ 5A MAIN 198
QIN(18y1)=SA/(1.-AAINIMSA)) MAIN 199
NIN(18y1)=ABS(QINILB,1)) MAIN 200
40 D) 3003 [3=1,INUM3 MAIN 201
N) 3004 14=14INUMG MAIN 202
D) 3005 [5=14,INUMS MAIN 203
DY 3006 16214INUMGE MAIN 204
0J 3007 [7=1,INUNT MAIN 205
0) 3008 I8=1,INUMB MAIN 206
0) 3009 19=1,INUM9 MAIN 207
D) 3010 1U10=1+INUMLO MAIN 208
NI 30Lt1 1ll=1,INUMLL MA IN 209
D) 3012 112=1,INUM12 MAIN 210
D) 3013 (13=1,INUML] MAIN 211
D3 3014 1Il4=1,INUMLA MAIN 212
D) 3015 115=1,INUMLS MAIN 213
D) 3016 116=1,INUMLSG MAIN 214
D) 3017 117=1+INUM]1T MAIN 215
D) 3018 118=1,INUM]LS MAIN 216
D) 3019 119=1,INUM]S MAIN 217
D) 3020 120=1.,INUM20 MAIN 218
0) 3021 121=1,INUM21 MAIN 219
D3 3022 122=1,InNUM22 MAIN 220
D) 3023 123=1,INUM23 MAIN 221
D) 3024 124=1,INUM24 MAIN 222
V3 =3INLC3,13 ) MAIN 223
Va4 sd IN(C4y14 ) MAIN 224
VS = IN(CS,I5 ) MAIN 225
vé 2JIN(CE416 ) MAIN 226
v? 23IN(CT,17 ) MAIN 227
ve sJIN(CByI8 ) MAIN 228
Vs sJIN{CIyI9 ) MAIN 229

ss6CONTINUING T1



vVio

Vil

viz2

V13

Vis

V15

V16

V1?1

vis

vie

v20

val

va22

v23

V24

v209 = 0

FLAGY =

ITMD = 0

IF{ICODE
C ICINEL3) =1

IF (icoD

IF (1CaD

IFCICODE

VS

Gl T 47

31 If C1COD

GEJ?A = QIN(4,14)/1QIN{4414)/2,084482E7 ¢ 1.)

32 CALL ATHM
IF(ICODE
IF(ICODE
IF{ ICODE
G) 11 47

33 IF(ICODE
GE2A =
G) 1O 32

34 IFC(ICODE
IFLICODE

1 (V5+198
Gl TI 47

C ICODEU(3) = 2 SECTION *%%x

35 IFCICODE

=3IN(10,110)
«QIN( 11,111}
*JIN(12,112)
=2IN(13,113)
=JIN{ 14, 114)
*2IN(15,115)
=QIN(16,116)
*QINC17,117)
=2IN(18,118)
=2IN(19,119)
=2IN(20,120)
=QIN(2L,121)
=2IN(224122)
=2IN(23,123)
=2 IN(2491264)

0.

(3) .GE. 2 ) GO TO 35
SECTION *®¥x%xx
E(4) NE. L) GO TO 31
E(5) .EQ. 1) GO YO 47
{5) .EQ. 2) GO

= QINSyIS)/(1at e 2%QIN(3,13)%52)

E(4) JNE. 2)

60

LY

2001

D 33

02{GEOPAy 04y V5, V4, ERR)
{5) +EQ. 1) V5
(5) +EQse 2) V5
(5) +FQ. 3) V5

(4) NE. 3} GO

QINI4,14)

TO0

QIN(5,15)

V5 ¢ QIN(5,15)
QINISyI5)/(1e¢e2%QIN(3,13)%%2)

34

{5) .EQ. 2) GOTO 2001

(5) +EQs 3) VS = QINISI5)/7(1.¢.2%QIN(3,13)%%2)
V4 = QINU4, T4 )RRR&VE5*2,2TE-8%{ V5)*%{]1.5)/(VI*SQRT (GAMFS *RRR#VS |*

0 6))

{4) NE. 1) GO

10

36
37

361

CAL.

CAL.
IFCICODE(S) .€Q. 1)
IFCICODELS) .EQ.

IFCICODE(S) .EQ. 2) GO TO
IF(ICODE(S5) .EQ. 3) GO YO

IFCICODE(S) -

3) 47,38,38

IFLICODE(4) NE. 2) GO TO

IFLICODF(S) «NE. 3) GO TO

37
2001
2000

39

4 +ERR)

36

KT = 0
G) T) 36

FLTSPOD(ICODE(3 )y QINI3 4130 oVIgVKeVMyVI9oVMIyV44VS)

GFJ2A = QINU4,14)/1QIN(4y14)/2,084482E7 ¢ 1.)
ATM02 (GEOPAy 049 V5,4V
VS = QIN{(5,15)
2) V5 = QIN(5+,15)¢V5

38 TTF = V5¢(1. ¢ .2%V3¢£2)=QIN(5,15)

SAVVS =

CALL [ITRATE (VS5

ss¢CONTINJING

VS

TTF e Qe KT}

T2
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MAIN
MAIN
MAIN
MAIN
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MAIN
MAIN
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MA IN
MA IN
MA IN
MA IN
MA IN
MAIN
MA IN
MA IN
MA IN
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MAIN
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216
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IF(ABS(TTF) LT, 00!) GO TO 47

IF(CT GT. 25) GO TO 2007

IFESAVVS -V5 .GT, O.) V5 = AMAXLI(VS, 8%SAVVS5)
IF{SAVVS -V5 oLT. Oe) V5 = AMINL(VS, L.2%5AVV5)
IF(CT oFQe 1) V5 = 1.01%VS

G) T 38

39 IFLICODE(4) NE. 3) GO TO 2000
GEJ2A = QIN(4,14)
Gl T) 361
47 IFCICODE(T)LLELL) 50 T0O49
[FLICNDEC(T)GEL3) 50 TN4B
CALL XTRP (V3 4V740.+IDCO72)
GJ 1) 49
48 CALL XTRP (V3,V7,V6,INDCOT73)
49 If {1CODE(8).LE.1) GO YO 50
CAL. XTRP (V6,V8,0.,1DC082)
50 IFINT.GEL.4) GO TO 127
IFCICODE(9) .GEL3) 30 TO 66
IFLICNDE(9).LELL) 5D TO 54
CALL XTRP (V34V940.+10C092)
54 IF (ICODE(10).LE.l) GO TO 56
55 CALL XTRP(V9,4V10s0.,INDCLO2)
56 IF (1CODE(L]1).LE.L) GG TO 58
CALL XTRP{V9,VI1le0.,1DCL12)
58 CALL XTRP{VIO0yV5890.FIGS)
CAL. XTRP(V11yV5940.RCRTCD)
V60=AMAX1(V59,Vv58 )
A = F3{V60)
IF INTWNELL) GC TO 64
IF (VT.GELF3(VEQ) ) GO TO 64
V60 = F4(V60,VT)
64 V64 = VI%V60
Gl 11 153
66 IF (1CODE(9).EQ.3) GU TO &7
CAL. XTRP {V3,V9,0.,10C094)
67 IF {ICODE(10).6E.2)G0O TO 94
If (ICONE(11).GE.2)G0O TO 79
CAL_. XTRP {V1IC4V6840.FIGS5)
CAL. XTRP (VI11,4V69¢0.RCRTCD)
VT0=AMAX1(V68,Vv69)
vV60=V70
A = F3(VTO)
IF(NT.NEL.L) GO TD T6
IF (V7.GE. F3{v70)) GO TO 76
VI0=F4{VTO,VT!
V60=V70
76 VT6=V9/VTO
V64=V9
vV9=v76
G) T) 153
19 v79=v9
KINV=0
80 CAL. XTRP{VT94Vll+0..+IDC112)
CALL XTRP(V114VBle0s +RCRTID)
v82:=VT9¢Vv8l
CAL. ITRATI {V79,(V9-VB2)/V9¢0.09 AMy 30,-TJ+3,KONV)
IF (<ONV-2) 8C,84,2003
ss¢CINTINJING -

73

MA IN
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MAIN
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MAIN
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MA IN
MAIN
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MA IN
MA IN
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MAIN
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MA IN
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MA IN
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. MAIN

MA IN
MAIN
MA IN
MA IN
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335
336
337
338
339
340
341
342
343



Re

9l

94

97

101

108

112
113

121

123

127

130
132

CALL XTP({V]10,Vv8440.0,FIGS)
vV85= AMAX1(V81l.V84)

v60=: Vv8sS

A=z F3I(V8S) .

IFINT NE. 1) GO T3 91

IF(VT GE.FI(VESIIZO TO 91
V85= F4(Vv85,V7)

V60= VB85

V9l= V9/V85

V64= V9

V9= v9l}

G) T2 153

IFCICODE(11) .GE. 2) GO TO 112
KINV=0

vVo6=V9
CALLXTRP{V9I6,V10s0.001DC102)
CALL XTRPIV1O0,V98,0.04FIGS)
V99= V96*V98

CAL. ITRATVI (VS6,(VI-VI9)/VIy0. ¢AMy304=T7D 43 ,KONV)
IF (CONV-2) 917,101,2004

CALL XTRP{V1l,V101,40.04:RCRTCD)
V102= AMAXLI{V9E,V101}

V60= V102

A = F3(v102)

IF(NT .NE. 1) GO TO 108

IF(VT JGEL.F3(VI102))G0 TO 108
V102= F4(V102,V7)

V60= V102

v108= V9/V102

V64z V9

V9= v 108

Gl 11 153

vil2=vs9

KINV=0

CALL XTRP(V112,4V1040.0,1DC102)
CAL. XTRP{VIOyVIl490.0,FI35)
CAL. XTRP{V112,v11,0.0,10C112)
CALL XTRP(VILIlyV1i6y0.0+RCRTCD)
V1Ll7= AMAX1{V114,V]116)

A=z F3(VILT)

IFINT WNE. 1) GO 1) 121

IF{VT JGE.F3(VILILTIIGO TO 121
V117= F4lVLil7,VT7)

Vi2l= v112%«vl1l1

CAL. [ITRATI (V1124(V9-V121)/V940.¢AM4304=T70+34KONV)

IF (<ONV-2) 113,123,2005

vV60= V117

Vb4 V9

Vo= V112

6G) 1) 153

IF (ICNDE{9)}.GE.3) GO TO 136
IF ( ICODE(9).LE.L) GO TO 130
CAL. XTRP (V3,V9,0.,10C092)
IF (ICODF(11).LE.1} GO TO 132
CALL XTRP (V9,V1ls0..10C1L12)
CALL XTRP (VI1l,V132,0.,FG2181)
V60V 132

sssCONTINJING T4
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382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400



136

138

139

144

148

153

157
158

161l
163
165

167

1671

168
169

171
173
175

Vo6é= VIRV]32

G) 1) 153

IF (ICODE(9).EQC.3) GO Tn 138
CAL. XTRP (V3,4V9¢0.41DC094)

IF (1CODE(11).LE.L) GO TO 148
V139=V9

KINV=0

CALL XTRP [ V139,V1140.,1D2112)
CAL. XTRP ( V11,yV14l,0.,F32181)
V142=V139%V14]

CALL ITRATI (V139,(V9-VL42) /V990e sAMy30¢-T0,3KONV)
IF (<ONV-2) 13¢,144,2005

V60=V 141

V64V 9

v9=v1]139

Gl T3 153

CAL. XTRP (V11,V148,0.,FG2181)
V149=V9/Vli4e8

V60=V 148

V64=V9

Vo=v149

IF (ICODE(12).GE.4) GO TO 157
IF (1CODE(12).LE.2) GO TO 158
CALL XTRP (V¥9,Vv12,0.,1D0C123)

G) T 158

Vi2= AEATMN

IF(V0I2.NEele AND. (NT.LE.l .OR. NT.EQ.%))GO TO 2008

v158= V]12%V9
IF(ICODE(13).LE.L) GO TO 161
CAL. XTRP (VLIS5E&)VL3+0.,102132)
IF (ICODE(14).LF.1) GO TO 163
CALL XTRP (V15E+sV14y0.4102142}%
IF (ICODE(LS) .LEsL1) GO TO 165
CALL XTRP (V1S5E&yVLI5+0.410D2152)
IFCICOOE( 16) oLE.1) GO TO 167
CAL. XTRP {(V15€4V16,40.4IDC162)
IF (NT.LT.4) GO TO 168

{F (ICODE(22) ..E. 1) GO TQ 1671
CALL XTRP{V9,V22,0.410C222)
AEP = V]158/COS(ALPHAP#RAD) *%2
R2B = SQRT(APB/PL)

LP = V22#%0M

R? = LP&TAN(ALPHAP*RAD)

RPT = RP ¢ RPB

APT = PL*RPT*%2

VL68 = AEP ¢ APT + VI3svl58

Gl TJ 169
V168=2,%(V158¢4Vv13%V]158)

IF (ICODE(17).LE.L} GO TO 171
CALL XTRP (V1684V1T7,0.,10C172)
[F (1CODE(18).NE.2) GO TO 173
CALL XTRP (V16E&,v18,0.41D2182)
{F (ICODE(19).LE.L) GO TO L 75
CALL XTRP (V016E,V1940.,100192)
IF (ICGDE(20).LF.1) GO TO 185
IF (1CO0E(20).GE.4) GO YO 183
IF ( ICODE(20).€EQ.3) GO TO 180

sssCONTINUING 75
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CAL. XTRP (V3,V20+,0.,1NC202) MA IN

G) T2 185 MA IN

180 VIB0 = V&4EVIRSQRT(1.40%RRR®VS)*(V54198,6)/(2.2TE-8*{V5)%%(]1,5))/ MAIN
1{3Rey5) MA IN
CALL XTRP (V3,Vv200V180,1DC203) MA IN

G) 1) 185 MAIN

183 TAW= VS%(],¢,2%,89%V3%%2) MA IN
TIJL = VSE( 1, +,035¢%V35%2¢,65%(TAW/V5-1,.") MA IN

LEFF = QIN( 20,120)%DM MA IN

AMUY = 2,2TE~-E*TPR] *%|,5/(TPRI¢198.5) MA IN

RHD = GRAV*V4/(RRR*VS5) MA IN

UFS = V3%SQR T{GAMFS*RRR*VS) MAIN

RHO? = GRAV®V&/(RRR*TPRI) MA IN

REP = LEFF®RHOP®UFS/LAMUP®5RAYV) MAIN

AMU=  2,2TE-B#%*VvS *%],5/(V5+]198,6} MAIN
RETHE T=AMUP/AMULE* ,044*REP /(ALOGLO(RFP J-1le5)%%2 MA IN

V20= GRAVEIJETHET*AMU/(RHO*UF S*D M) MAIN

185 IF(ICODE(21).LELL) GO TO 187 MAIN
CALL XTRP (V1SEsV2140.9102212) MAIN

187 [IF (NTJ.E.2) GO TO 204 MAIN
IF {(NT.,GE.4) GO TO 204 MA IN

IF (ICODE(22) .LEL]1) GO TO 191 MA IN

CALL XTRP (V9,Vv2240.IDC222) MA IN

191 IF {(ICODE(23) .GEL.3) GO 10 196 MA IN
I (ICODE(23) .LE.]1) GO TO 195 MA IN

CALL XTRP (V3,4Vv23,0.,41DC232) MA IN

195 GJ 1) 199 MA IN
196 QJ3R=2. MA IN
IF (ICODE(23).EQ.3) GO TO 199 MA IN

CALL XTRP (V3,eV23,0.,10C234) MA IN

199 IF (ICODE(24).LE.L1) GO TO 204 MA IN
CAL. XTRP (V6,V2490,,41IDC242) MA IN

204 AB = vV13xylse MAIN
AWF = AWFAM®AHM MA IN

LMB = LMBDM*DM MA IN
wWSdwP?1l = 0. MA IN
PTS?>TP = 0. MA IN
IFINT.NE«3)GAMS = V8 MAIN
QYDDEL = ICODELS6) MA IN

CDN = V60 MAIN
NJZERR=0 MA IN
IFINT LE. 2) CALL NOZZLE(VO.V644V12 VB VT QMODFEL NT,FL,CDNyCT, MA IN

1 FLAGyNOZERIR o TIDeZSoXMOMeZ TIDoAXMEXIT) MAIN
IF(NJZERR NEo 0.) GO TO 217 MA IN

V3D = Vv12/Vv22 MA IN
IF(NT, FQe 3) CALL EJFCTRIVO*V22 ¢V6% oVUD91e/V22+VT4V23:QQQ+:v8¢GAMSMAIN
Lov24 JCONeZ ToWSOWPL oPTSPTP oFLAS ¢ NOZERRGLEXPLTIDyXMOMy QMUDEL MAIN

2 CSeTINy XMEXIT} MA IN
IFINJZERR .NE. 0o) GO TO 217 MAIN
IFINT GE.4) CALL NOZPLGI(VI V12 ,LP,ALPHAP,APB,V3 VT CONoCT oFLAG, MAIN

1 NIZERRyTEDeCSsQMOIEL oVIoZTIDeXMOMeATMIN, ATMAX ) XMEXIT) MA IN
IFINJDZERR +NEe« Q&) GU TO 217 MAIN
QFS=GAMFS/2.,*¥V4%V3ik%2 MAIN

AMB = AMBAM#AM MA IN

CALL AFTEND(V3,QFSsV4,V5, MAIN

¢ V64,oV158yAB+NT V3 VT ¢AMB o AM,LMBDM, ISD,ITs MAIN

s¢sCONTINJING
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l IMSFoVLB,V1I5¢V0169V14,V20,AWFAM,y V21 AWINS ¢VLI VLT, MA IN
DBTP,DBTF, DBy DTy MAIN

2 coBte, CDBTFoCDBoCJfoCTMTD.AFTERR.CTID.XMOM'VQ TIOyCT,TMD, IMST, MAIN

5 ATUINJATMA Xy XMEXIToGAMS) MA IN
IF(AFTERR NE. 0.) GO TO 217 : MA IN
IFCICODE (12).LE.3) GO TD 216 MAIN

IF (FLAGQ.EQ.1.) GO TD 216 MAIN
1TMD= 1 TMD+1 MAIN

V209 = AMAX1{V209,TMD) MA IN
IF{v209 .EQ. TMD) V210 = V12 MAIN
IF(ITMD.GT,. 21) 30 10 214 MA IN
V12=V 12¢DAEAT MA IN

G) 1) 158 MA IN

214 V12=v210 MAIN
FLAGQ=1. MAIN

G) T2 158 MA IN

2000 WIITE (642500) MA IN
2500 FIRVAT( *ODIMENSIONAL FLISHT SPEED INPUT REQUIRES AMBIENT PRESSURMAIN
2E AND TEMPERA TURE INPUTSH) MA IN

G 1) 217 MA IN

2001 WRITE (642501) MA IN
2501 FIRVMAT( *ONON-STANDARD TEMPERATURE INCREMENT MAY BE USED ONLY WITMAIN
IH ALTITUDE INPLT FOR PRE SSURE*) MA IN

G) 1T 217 MA IN

2003 WRITE (642503) MAIN
2503 FIRMAT (*0AT=V79 WILL NOT C ONVERGE*) MA IN
G) 1) 217 MA IN

2004 WRITE (642504) , MA IN
2504 FIRVMAT (*0AT=VS6 WILL NNT [ ONVERGE %) MA IN
G) 1) 217 MA IN

2005 WRITE (642505) MA IN
2505 FIORMAT(*0AT= V112 WILL NOTY CONVERGE *) MA IN
Gl 1 217 MA IN

2007 WRITE (642507) MA IN
2507 FIRMAT ( *INPLT TZMPERATURE ITERATYION WILL NOT CONYERGE®*) MAIN
G) T3 217 MA IN

2008 WRITE (642508) MA IN
2508 FIRMAY ( *0 NON-UNITY DIVERGENCE AREA INPUT FOR NON-DIVERGING NOZMAIN
1ZL E*) MAIN

G) T3 217 MA IN

C PUT NDUT CASE ANSWERS MAIN
216 IF (LPRINT .NE. 2} GO TO 2160 MA IN
WRITE( 6y 3999) MA IN
LPRINT = O MAIN
WRAITE (643998) TITLE MAIN

G) 1) 2161 MA IN

2160 WRITE (644000) TITLE MAIN
2161 AF = AM-V]é68 MA IN
AFMET = AMB-Vv1e8 MAIN
IFLAG=FLAG MA IN
ISDX=100 MAIN
IF(ISD.EJ %) SDX=109 MAIN
WRITE (694001) (DD3(1SD*9-9¢L)oL=1¢9),(DOBLIT*9¢27¢L)oL=199), MA IN

1 (DIBINT®9+45¢L )L =1¢9)(D0BLISDX-1¢L)sL=1,9),y(DOBLICOOE(61*9¢108eMAIN

2 L)eL=19) MAIN
WITE (644002) MA IN

WIITE (644003) V3I,AWING,(DOB2(IFLAG*9¢L-9),L=1,7) LDBTP ,Vé,AM, MAIN

¢¢sCONTINUING
TT

515
516
517
518
519
520
521
522
523
524
525
526
5217
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
550
559
560
561
562
563
564
565
566
567
568
569
570
571



L V9yDBTF yV5,AMB V64,08 JLMB,V158,0T LAWF,V8 MAIN
WRALITE( 694004) \VO64CS,CDBTP 4V7,CDNyCDBTF ,CTyAB,WSOWPL,CDB, MA IN

L CTUTDAF,PTSPTPyCIT LAFMET,VLI8 LIMST MA IN
IF(V3 oL Te 1e) WRITE(6,4005)(0081(J) 9J=1,4) MA IN
[IF(V3 oGE. Lle) WRITE(6,4005)(0D08L(J) yJ=5,8) MA IN
LPRINT = LPRINT ¢ 1 MA IN

217 CONTINUE MA IN
3024 CINTINUE MA IN
3023 CINTINUE MA IN
3022 CINTINUE MAIN
3021 CINTINUE MAIN
3020 CINTINUE MA IN
3019 CINTINUF MA IN
3018 CINTINUE MA IN
3017 CINTINUE MA IN
3016 CINTINUE MA IN
3015 CINTINUE MA IN
3014 CINTINUE MA IN
3013 CINTINUE MA IN
3012 CINTINUE MA IN
3011 CINTINUE MAIN
3010 CINTINUE MA IN
3009 CINVINUE MAIN
3008 CINTINUE MA IN
3007 CINTINUE MA IN
2006 CINTINUE MA IN
3005 CINTINUE MA IN
3004 CINTINUE MA IN
3003 CINTNUE MA IN
READ(D,1010)IND,IVARY MA IN
IFLIND.FQ.999) STOP MA IN

D) 3025 I =1,22 MA IN

3025 NVARY(I]) 0 MA IN
IFLIND .EQ. BE)GO TU 6 MA IN
IF(IND .EQ. 99)GO TO S MAIN
IVARY = MA IN

G T) S MA IN

9999 ST? MA IN
1000 FIRMAT(18A%) MA IN
1010 FIRYAT(3I3, 6F 6,0) MAIN
1015 FIRMAT{313, 10F¢€.0) MA IN
1020 FIRYAT(4F6,0) MA IN
1030 FIRVAT(12F6.0) MA IN
1040 FIRMAT(6X,2213) MA IN
3998 FIRMAT (1H ,T21,1844) MA IN
3999 FIRMAT ( 1H1) MA IN
4000 FIRMAT (1HO¢/9/+T21,18A%) MAIN
4001 FIRMAT (1HOy T1Uy *CONFIGURATION®, 7 ¢T13s S(3A&y/,T13)) MAIN
4002 FIRMAT (1HO, T10s *FLIGHT ZONDITIONS®, T37, *FIXKED AIRFRAMES, MA IN
1 765, *NOZZLE PARAME TERS*,T96, *AFT-END DRAG* MA IN
4003 FIRYAT (1H o T10s *MACH NO*¢8Xe FTe%5Xs#WING AREA®, TX, FT.2,5X, MAIN
l TA4, 3X, *DBT PRESS¥*y6Xy FTel o/ 9lH o TLO,#P AMB,PSF®,6X, FT.l, MAIN

2 5Xy *MAX AREA®, 8X, FT.3, 5X, ®THROAT GEOM AREA®, 3X, FT7.4y 5X, MAIN

3 ¢DBT FRICT®, 6Xy FTolo/9ld oTLOo*T AMBoR®, BX FTol95X9*M. B, AREA® (MAIN

4 8XeFTe3y 5Xy *THRIAT FLOW AREA®, 3X, FTuaby 5Xy *D BASE*,9X, FTo 1, /MAIN

S IH yT37,) SINITBT.LENGTH®y 2XoFTe3y 5X9 ®EXIT AREA®*,L0X FT.4¢5Xe MAIN

6 €D TOTAL®, 8X,FT.ly/y1H , T10, *PERFORMANCE®, 15X, SINIT.57 AWET®MAIN

sssCONTINJING

78

572
573
574
575
576
5117
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
6l2
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628



T o 4XoFTe3y SXe*GAMMA®,14XsFT.6 ) MA IN
€004 FIRMAT (1H o TLCy *PS*ky13XsFTohy TOHS*¥CS*eL7Xy FT.495Xs*%CDBT PRESS*MAIN
Lo &Xy FBuSe/olH «TLOv*PTI/PAMBRoTXoFlo%s5Xs*VARI ABLE AIRFRAME®, MAIN
2 11Xy *CON*, 1€Xy F7e4y 5Xy *CDBV FRICT*,4X,FB.5¢/¢LlH o710, *CT*, MAIN
3 13Xy FTobe SXy*BASE AREA®y TXeFT43,5X, *WSWP®, 15X, F7.4¢5X, MA IN
4 ®CD BASE*y TXoFB8e5e/9lH oTLCy*C{T-DT)*4BXoFT7e%s SXy*#TOTAL A FRONTMAIN
SAL®¢ LXoFTe395Xo*¥PTS/PTP®y12Xy FTe% 45Xy *CD TOTAL*46XyFB849¢/91H » MAIN
6 T37, *METRIC A FRINTAL*,FT7,34/ oLH oT37,*IMSA® 12X, FT.4y/41H , MA IN
T V37, ®#IMST#, 12X¢FTe4 ) MA IN
4005 FIRYAT(LHOy T1C, *ALL DRAGS FOR TWO NOZZLES*,/,lH , T10y *DRAG COEMAIN
LFFICIENTS REFERENCED TO WING AREA®, /,lH , Tl1)y *ORAGS ARE FOR AFTMAIN

2-END AFT OF #,4A4y /4 lH 4 T10y *ALL AREAS ARE IN SQUARE FEFT* ) MAIN
END MAIN

R&EkEND

79

629
630
631
632
633
634
635
636
637
638
639
640
641



¢E¢eREG

«&&END

IN

SUBRIUTINE AREASIPTPOPPTSPTPGAM¢WSOWPL)
CIMMON /AREA/GAMM ¢GAMMSGAMS+APDAT 4ASOAT, QMP, QMS
PTSIP = PTPUP*PTSPTP

QUP = SQRT(2.,/CAMM®(PTPOP**(GCAMM/GAM)-1.))
QS = SQRT(2,/GAMMS*{PTSOP**{GAMMS/GAMS)I-1.))
BP = le ¢ GAMM/2,.%QMP#%2

BS = 1. ¢ GAMMS/2,.%QMS

APJAT = 1,/(WSOWPL*SQRT(BP/BS) *QMP/QMS+l.)
ASOAT = 1, - APOAT

RETURN

END

80

AR EAS000
AR EAS 005
AR EASOL0
AREASQ15
AREASQ20
AR EAS 025
AR EASOQ30
AREAS O35
AR EAS 040
AREAS 045
AR EAS050



*ECREGIN

SUBRIUTINE ATMC2(ALT DELT,TAMPAMERR}
ER = 0

ALTKY = ALT%®3C4,B8E-6

IF(ALTKM GT, 11.)50 TO 10

TAM = 288,15 — 6,5%ALTKM

PAM = 2116.22%{(288,15-6.5%ALTKM)/288.15) *%5.255876

G) 1) 40
10 IT (ALTKM GT. 20.) GU TO 2V
VA 216465
PAM = 472.685%EXP(-.15T7688%{ALTKM-11.))
G) T3 40

20 IF (ALTKM ,GT. 32.) GO TO 30
TAM = 216,65 + (ALTKM-20.)
PAM = 114.345%(216.65/TAM)*%34,]1632
Gl 1) 40
30 IF (ALTKM .GY¥. 47.) GO TO 60
TAM = 228,65 ¢ 2.,8%{ALTKM-32,)
PAM = 18.129 * (228.65/TAM) *%12,20111
40 TAM = (TAM®*1,.8) ¢ JELY
50 RETJRN
60 WRITE(641000)
G) T2 S50
1000 FIRYAT(LHO, *ATMO ROUTINE LIMITS EXCEFDED* )
END

«kxEND

81

ATM02000
ATMO2001
ATM02002
ATM02003
ATM02004
ATM02005
ATMO2006
ATMD2007
ATM02008
ATMO2009
ATMO2010
ATM0U20L1
ATMO2012
ATM02013
ATM02014
ATMO2015
ATMO2016
ATM0O2017
ATMOZ2018
ATMOZ2019
ATM0O2020
ATMO2021
ATMO2022
ATMD2023



(111,330

N

SUBRIUTINE AFTEND(MO¢QePOsTO9AJICD AE sAByNT ¢GAMy PT PFS ¢ AMB.

vAM,

L LMADMy ISDy ITy IMSF¢IMSA o THE TAE ¢ THETAMeDELXDMe THETOMy AWFAMy AN T AM,
2 AWENGyOFLAAM,LOM4DB TP ,DBTF 4DB4DTLOBTPCNBTF,CDB,COT4CT MV Dy

3 AFTERR oCT o XMOMyAToTIDyCVyTMD yIMST,ATMIN,ATMAX ¢ ME,GAMS )
OIMENSION K2MCL(40) o K2MO2(40) o K6IMST(149) , K3THET (26)
DIMENSION <4IMSL(101) o K4IMS2(95) , KeIMS3{101)

DIMENSION <4IMS4(107) , K&IMS5(95) , KGIMS6(3])
DIMENSIUON KSTHML(125) o KS5THM2(93) , K5T41M3(1D9)
DIMENSION KICVLLI{93),KICVSL{93)

DIMENSION X 1CVI69)

DIMENSION KICVL2(T7L) » KLCVS2(93)

DIMENSION KICVL3{TL) o, KLIVS3(93)

REAL MOs IMST Y oLDM o IMSF oI MSA o1 MSTHME 4KICV oKLCVSL oKLICVLL
REA. KICVS2,KICVL24KICVS3 yKIC VLI 4K2MOL s K2MI2 ¢ KITHET
REAL K4IMS] s KATMS2 yKGIMS3 ¢ KAl MSh K41 MS5 ¢ KGIMSH

REAL KSTHML ¢ K5THM 2 ¢ KSTHM3 o K6 MST

REAL LMByLMBDMyLL o MUyMUP JLEFF yLVAR, LT

DATA KlCV / 5.' 1.9 000 160' ’0.'

A 14, Qe O Oy «002y -430075,.004y -.0013,

B 0006( -00018' '008' ‘00022’ oOll "nOOZS'.OlZO '00027'

C 14. o6y Oey O o «002¢ =¢J3075+.004y ~-.0013,

) ¢006y =-,001890008y -.00224.0l, -e3025,.012y =-.0027,

E l‘oo 08' 0.0 0.9 00020 ’oJOl" .006. '0002‘0'

F 006y =0003¢ <0089 =-4003359.0ly =e22355,4.012y -.0036,

G l‘o' 09' 009 00' o°°2| ‘0931‘0 0006' -.002'0.

H «006y -.0032,.,008, =-,0039,.01, -¢J30&%,.,012, -.0048/
DATA KlCVLl 5.’ lo' 0.0 220' ‘0'

A ZO.. 0.' 00 ? 00 [ ] 0002' .0308. .00’09 00016'

8 +006y +,0022, ,008y <0022y .01y 0019y <014y .001l2y

C 00180 00007' 00220 000020 003' °.0305.

D 204 «by 0o s Oe » «002y .0038y .004y .0016y

E «006y <0022y 008y 0022y 01y 42219y .0l4sy .0012

F .018, .0007, .022, .0002y .03, —-.2005,

G 20.' 08' 0.' 00 1] OOOZ' 00)16' .00‘0. 00027'

H «006s <0035y +008y ,0038y +0ly <0233y .0l4y .0022
i .0l18, .00%3, .024, .0001, .03, -.2008,

J 204 9 Qe Oe o e002¢ 43218, .004, «0034,

K 00060 000'05' 0008' 000‘90 0010 033‘30 oOlI’Q 00028'

L .018, +00l69 o024y 0001, .03, -.0012 /

DATA KICVSI / 5.' 10' Oo' 220' ’0.'

A 204 Oe Qe O ¢ «004, -,0005,.008, -.0015,

8 e0Ll2y, =-400259,0169y =-400314.02, -+0035,,022y ~.,0037,

C e024y -000389.026y, =<0039+.0289 =-.20%,

D 2.000 060 000 0_. [ 0006' "03035'0008' "00015'

E «0l2y =-.0025+.016y -+0031,4,02, -:2035,.022, -.0037,

F 0024y -400384¢0269 =400399.028y =¢J0%,

G 200' 08' 000 0.' 000’0' "03003' 0008' '00010

H 012y =-¢0024,,016y =-40038,,02y =4J247y 026y -,0054,
1 «028, 't°06l'o°32' e 00680.0369 '003'6'

J 20. ] 099 0. ? 0. [} 000“0 030020 .0080 'oOOOZ'

K e012y =e00249.0l6y =-000429,029¢ =e225%¢ 024y =-.0064,

L «028y, -.0074,.032, =-.0084,.039, -.01 /

DATA KlCVLZ / 500 lo' 000 220' 30'

A 204 Qe Qe Oe o e002¢ =¢2002+.00%y -.0004,

¢ssCONTINJING
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AFTENOOO
AFTENOOL
AFTENOOZ
AFTENOO3
AFTENOOQS
AFTENOOS
AFTENOOG
AFTENOO7
AFTENOOS
AFTENOQO9
AFTENOLO
AFTENOLL
AFTENOLZ
AFTENOL3
AFTENOL4
AFTENOLS
AFTENOLG
AFTENOLY
AFTENOLS
AFTENOL9
AFTENO20
AFTENOZI
AFTENOZ2
AFTENOZ23
AFTENOZ24
AFTENO2S
AFTENO26
AFTENOZ27
AFTENOZ28
AFTENOQ29
AFTENOQIO
AFTENO3L
AFTENO32
AFTENO33
AFTENO34
AFTENO3S
AFTENO36
AFTENO3?
AFTENO38
AFTENO39
AFTENO4O
AFTENOQ4L
AFTENO42
AFTENO43
AFTENOQ4S
AFTENO4S
AFTENQ46
AFTENO4T
AFTENO4SB
AFTENO49
AFTENOSO
AFTENOS1
AFTENOS2
AFTENQS3



0006'

+01 8,
204y

00060

<018,
20,

0012'

0028'

DATA KICVS2 /
200'

0012'

024,
20.'

nOlZ'

024,
200

0006'
0020
206y

0006'
«02,

DATA KICVL3 /
200

.012'

002"
20.'

'0129

0024’
200

00081

0026!

DATA K1CVS3 /
2000

«006,
0020
200

a006'
+02,
20.'

00060
02y
2000

n0°6'
002'
K2M01}
1000
le2y
1060
2.0y
20‘0

OATA K2M02 /
l.Oo
1e2y
1069
2.0'
2.‘0
DATA K3THETY

_- T O TMOOT > F R amIIOdNTMOO® P> - T OTMOOD

FReemIOMTMOoOOD>

DaTA

CSOO>

OOET P> ®

s6sCONTINUING

/

/

-e0007+,.008,
’0002200022'
06' 0.'
-«0007,.008,
~¢0022,.022,
09' 00'
'00053.0016'
~+00964.032,
5.' l"
O Oe o
~¢001244.016,
‘0002490026’
06' o"
'.00120-0[6'
‘00024000260
oal 00'
Qe «008,
‘0003600024'
.9' 0-'
‘0000300008'
-e00459.024,
5.' l-'
Qe Oe ¢
-e00084y.016,
-+ 001 6y.026,
ebo O¢ o
-00008000160
‘0001600026|
090 Oo'
-+00074.012,
-«0053,4.032,
Set ley
00' 0.0
-e 000440008,
-e0021y.024,
.6' O.o
-+0004,.008,
-e00214.024,
08' 00'
«0007. 008,
-+003, .024,

09. 00'
.0019, .008,
-e0032y.024%,
2.0 10'
lol' 1.1'
lol' 1.3'
+ 85, le 7y
loOo Zol'
100' 2.5'
2.' lo'
l362141.1,
1¢3621,41.3,
10316417,
loO' 2.1'
1.0y 2¢5,
2e0 leo

‘0001' oOl'

'0002600025'
0.' 00029
’00010 0019

= 0026¢+025,
0.’ 00069
-+ 00065 4,02,

-« 0104,.0306,
00' 220'

0. ¢ +00%,
~e0016+.02

=+ 002644028,
Qe «00%,
-40016,.02,

-2 0026+,028,
00' 00020
-« 00064.,012,
-+ 0043,+.,028,
O «002,
-+ 0009y.012,
'00054000280
Oc’ 2200

O¢ o e Q04
-00010 002'

-.0018..0281
[+ 79 «006&,
'00019 0020

-+0018,.,028,
Q¢ o «00%,
-+ 0023,4.016,
‘00060 004!

0e s 224

O o «002,
'00006'0012'
‘.0026'0028'
00' .OOZv
e 0006+,012
-¢0026,.028,
O ¢ « 002,
«0003, .012,
‘0004100028'

00' 0002'
000110 .0‘2'
‘00045'.0280
O o 3600
leloy 1.2,
09820 lo"
88, le8y
loOc 2020
100' 2-6'
00' 35.'
1036210l02'
12090 le&y
100120 108'
100' 202'
1.00 206'
0'0 220'

83

"1e0y

-eJ012,4.014%,
-QOOZQQ
-eJ0024.004,
‘0331290016'
=e0029
-.0017,.008,
-ed76y 024,
- 0112 /
600
‘0003l00008'
-+002, 022,
-+J028,
‘0003100008'
-eJ02y +022y
=+J028 ¢
«JdJ01e .,004,
‘0301;000l6'
‘QQOQQO

O « 004,
‘00023900‘6'
-+ 063 /
30'
‘00032000080
-eJ013,.022
-« 0019,
'OOOJZOOOOBO
-eJO13,.022,
-.0019,
«)J03, .006,
-eJ035,.02,
-+«J055% /
L)
‘030011-00‘0
~eJdJLlLlee016,
'00033'
~+J0JL 40064,
‘00011000160
-.0303),
3004, .004,
’00008900161
-+.0052,
3008y 004,
=¢J035¢4016,
-.0057 /

lll'
0932'
0936'
ledy
1.0 /

1050
109'
2.3'

l1.3621,
lely
1.00,

1¢S5y
1.9
2.3,
1.0 /

'00017'

=¢0004,
=.0017,

~-«20 31'
-00086'

'00007'
-+0022y

'000079
-.0022y

«0002,
~+0028,

0.'
'o0035'

’nOOOS'
-+0015

'00005'
'00015'

«0002,
‘00044'

’oOOOZO
'00016'

-.0002,
-.0016,

«0006,
~-.0019,

300150
~+,0019,

«86,
0980
100'

1.067,
1.0y
‘00'

AFTENOS4
AFTENOSS
AFTENOS6
AFTENOST
AFTENOS58
AFTENOS9
AFTENO60O
AFTENOG1
AFTEN 062
AFTEN063
AFTENOGG
AFTENOGS
AFTENOGS
AFTENO6T
AFTENOGS
AFTEN069
AFTENOT0
AFTENOT1
AFTENOT2
AFTENOT3
AFTENOT4
AFTENOTS
AFTENOT6
AFTENOTT
AFTENO78
AFTENOT9
AFTENOBO
AFTENOBL
AFTENO82
AFTENOB3
AFTENO84
AFTENOBS
AFTENOBG
AFTENO87
AFTENOSS
AFTENO8Y
AFTENO9O
AFTENO91
AFTEN092
AFTENO93
AFTENO94
AFTEN09S
AFTENO96
AFTENO97
AFTENO98
AFTENO99
AFTENL00
AFTEN101
AFTEN102
AFTEN103
AFTEN104
AFTEN105
AFTEN 106
AFTENLOT
AFTEN108
AFTEN109
AFTEN110O



DT »

Oeo
Beo
lbc'

DATA K&IMS1 /

CmIONTMOO®P

1649
‘1000
Oer
164,
'1000
Oer
300'
‘1000
Doy
15,

DATA K4IMS2 /

ITOoOTMmMODOXP

1200
'0759
1244
’075!
284,
-075.
025'
1.0,

DATA K4IMS3 7/

e TONMTMOOOD D>

lbo'
'10'
-010
164+
-ll'
‘ol!
304
‘lo'
Oey

0750

DATA K 4IMS4 /

=T OTMODO PP

1249
‘075Q
lZn'
‘0759
3209
'05'
Oer
.1
Leby

DATA K4IMSS /

ITONMNMOO B>

léoy
'100'
l‘o'
'100'
284
‘l-Ov
00'

o 15,

DATA K&IMS6 /

O

s6sCONTINJING

‘10750
’075'
«259

Oso
0026'
0054'
Se
olS'
00590
. 080,
34,y
«102,
.15"
4Ty
«129,
198,
0291'
Ser
013'
o044,
«30y
0094'
obl,
0103'
034'
0295'
Set
012'
038,
0050
26,
« 065,
-0830
.39'
« 083,
018'
«361,
50'
015'
00849
0340
0070
47,
. 052,
115,
«289,
o161
500
o116,
00490
«20,
«068,
038I
0112'
23y
.394'
200
0065'
«075,
02l50

249
1049
laol
les
‘2.00
-.150
14%0,
‘200'
e 75'
1“0.'
‘2009
'075'
25y
1.0y
lo'
'108'
e 5'
’1015'
‘05’
-1070
'05'
«38,y
1.25,
les
‘1075'
‘075'
14%0. ,
‘1075'
-0750
14%0.
175,
‘0750
e25y
leo
1-0
=175
-05'
'107'
‘050
'107'
“.35’
0250

« 75,

-

lo'
‘1065'
‘o75'
‘10659
-0150
-1078'
'075v
25,
1000
lo'
'l.5p
‘050
48y

« 006,
0325,
00650
00'

«052,
«063,

085,
«110,

010'
oléy
0264,
o246'
Qe o
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.0720
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«275,
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0075'
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00550
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0045,
00520
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01199
«428,
.3450
Oe ¢

0066'
«088,
030

/

6oy «019,
14.y + 046,

‘1.25' 0056’
'025' oO?“'

=1.25y <096,
‘0250 01375!

=1e25¢ o129

'0250 0170

e55, 0364,
1.50 0‘98

—l.Oo 00‘3'
16.0.'

-100' 0085'
16%0,

’loo' 0095!
00' 0212'
05' .40'

‘loZS' 0037'
~e25¢ <047,
~1e25y <063,
’025' 00791
‘10250 -077'
-025' nllb'
ol." .393'
leby 229

~1.00 «08,

20'0.'

‘1.09 0066'
20%0.,

=10y <045,
‘0250 0070

oGy «289,

1.25y 179,

‘1025' cOQ’Q

~e99000559~e22 9061 916%0..

“1025' 0065'

-05900754-6254.08y 14%0.,

‘o' 0313'
124 «039,
206 ¢ .08
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‘105' 0355.
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-050 0152'
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1025' 0216'
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=159 0640,
-03' 0351'
‘loSo 0075'
aE ) o118,
-1l¢5¢ 083,
“025' ol“'
038' .‘Z"
ley 24
324, 3o
-105' .037'
-9 %3,
°l.5o oobl'
-.5' 0013!
'105' 03739
'05' 0398'
0510 0393'
Le25, 27,
3‘-' 30'
=1e5¢ +J76,
'03' .092.
=le5¢ 4063y
'03' 03779
-105' 00"
-¢35y <355,
5 2506,
loO' 021"
30. 3.9
‘1.5' 0365'
-l.So 0364'
-105' 0133'
‘05' 013'
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1.32, .308
264y

~1ed5¢ <067,
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.68' .3.

84

‘1.250 01060

‘0250 0149'
05' 0“7'
/
=100 -07'
00' 015'
o159 25,

/

AFTENLLL
AFTENLL2
AFTENLL3
AFTENLL4
AFTENL11S
AFTENLLG
AFTENLLY
AFTENLLB
AFTENL19
AFTEN120
AFTENLZL
AFTEN] 22
AFTEN]23
AFTEN 124
AFTEN125
AFTEN126
AFTENL27
AFTEN128
AFTEN]129
AFTENL30
AFTEN131
AFTENL132
AFTENL133
AFTENL34
AFTEN135
AFTENL136
AFTENL137
AFTEN138
AFTENL39
AFTEN140
AFTENL141
AFTENL142
AFTEN 143
AFTEN1 44
AFTEN 145
AFTENL146
AFTENL4T
AFTEN]14B
AFTEN 149
AFTENL1S50
AFTENLS1
AFTENLS2
AFTENL153
AFTEN154
AFTENLSS
AFTEN]56
AFTENLST
AFTENL158
AFTENL159
AFTEN160
AFTENLGL
AFTENL62
AFTEN163
AFTEN164
AFTENL16S
AFTEN 166
AFTENl67



“ luO'
DAVA KS5THM]
284
bc'
|
220
284
6oy
| A
22019
28"
ber
164
224
280!
600
144
2249
DATA K5TiM2
20.
Ber
lbo'
200'
80'
16e
200'
8.'
6oy
204
8o
16
DATA K5THM3
264
Bey
164
24..
24.'
800
1649
244y
2‘-'
89
lb-l
2400
2449
LY
164
2600
DATA KG6IMST
18.0
o3
07'
200y
o3
)
2249
«3e
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Qs

« 004,
'0049'
-0125'
06'
000“'
'00‘9|
’0125'
o8¢

-+ 009,
°0075'
'0156'
u9'
‘0009'
-.075,
‘0156'
56
Oey
'0017'
-00990
o6y
’00170
-.099,
+Bo
-0029'
‘o123'
«9
'00220
-e132,
5.9
Ooe
--OZl'
'308'
-0103'
06'
‘00210
-COB'
‘0103'
By
‘00450
'ollZ'
-ol“'
«9y
‘00490
‘0135'
‘017
360
0.!
006!
«205,
2y
«069
023'
040
30790

le
Oe v
8e¢
1600
26.'
00'
8o
1644
24. [ ]
Oe
ao'
16¢
264
0.y
800
L6.y
244y
ley
2e0
100'
18¢9
20'
100'
1849
260
lOOQ
184
209
109
184
le
2o
1000
18-'

2.'
lo..
184

20'
106
184

2e 9
1040
18.

| P
Qe o
oy
«8y
Ool
oby
o8y
000
040

Qe o

-+ 008,

«006,
‘0085

'0122'

-0008
« 006,

-0085'
'01229

-0026
'0005

’
L

‘0113'
’01529
—0026'
- 006

‘0113

°0152'

O s

'0017'

‘002'

-e 127,
'0017'

'0020

-C127'

_0027
-003“

A
L

‘0155'

-, 022

-« 026

-011'
0
-. 027

’

’0026'

‘ol'

‘.0270
'00260

'ol'

-« 052
-.048

A
L

-0136'

'0056

'-054'
‘0165'

Q. o
Qe »
0093'
02460
0.'
0105'
0213,
Oe
«119,

85

30. ¢
200

104
18+
Zbo'
20'

10-'
18¢
264 ¢
200

10«
lao'
2540
200

104 o
1849
264 ¢
224 9
a0

124 ¢
200'
‘c!

12¢ ¢
2060
Goy

1264
200'

boy .

120'
204 4
264 0
boy
124
20e 9

4e
12.,
20.'

6.'
12.
206 ¢

‘o'
1249
200'

264
.ll
oS'
00'
ol'
5
09'
ol'
051

boy
1249
204

40'
1249
200'

bey
12.'
2000

e
120'
200'

Gevo
l‘o'

60'
14

boy
| P9

e
4o

Goo
l“c'
22.'

(Y
| B
220

6Ger
l‘o'
2249

bo'
l“o'
2200

o2y
o6y
00'
o2
by
Oer
o2
06'

00010
'-018'
--125'

-0019
-«018s
°0125|

‘0014'
‘0031'
'01580

‘0014'
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'01580

=016,
‘0067'
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'00610
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-<087,

00210
00870
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059,
0108'

'1022'
’00590
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046,
00870
01469
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“olT7
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01661
Doer
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86

1 oty e2489 o8, «29, 9y 333, 1.0y «377, AFTEN22S

J 224 by [+ O 0.y ol 018y <29 «052, AFTEN226

‘ 03. 0095' 04' 0138’ 059 oleo 06' 022" AFTEN227

L o Ty 2266+ o8, e309y <9 «35ly 1.0 «394, AFTENZ228

M 224 e 8y O Oe o ol «03, o2 « 07, AFTEN229

N 039 .llz. o”o 0153' 059 ol96' ob’ -2"' AF'EN230

0 Ty 283, .8, ¢3254 49, «364y 1.0y 402, AFTENZ31

p 224 1.0y Oe Oe oly «048y o2y «098, AFTEN232

Q 030 al“' o“l o185' .So QZZSO 06' 02650 AFTEN233

R 07' 0305' 080 03459 .90 0385' 093' .l’ / AFTENZ3"

Pl = 3,1415927 AFTEN 235

GAMFS = 1,4 AFTENZ36

RRR = 1716.5 AFTEN237

GRAV = 32,174 AFTEN 238

Ad= AE + AB AFTEN239

DELA = DELAAM®AM AFTEN240

ANF = AWFAM®AM AFTEN 241

ANT = AWTAMS®AM AFTEN 242

AP=AF-DELA/ 2, AFTEN 243

GAMAV = (GAM¢GAMS)/2. AFTEN 244

PEPE = XMOM/{GAMAVEAE *ME *%2) AFTEN245

DM =2, *SORT(AM/PI) AFTEN246

DELX = DELXDM*DM AFTEN 247

. AFTERR =0.,0 AFTEN 248

6 THETR = THETAMS 017453 AFTEN 249

RUMZA= [MSA*{AMB/AM)*%*],.5 AFTEN250

[MST= (RMZA/AMB*{AMI-2,0%(AP+AB) ) +IMSF/AME(AM-AMB) ) ® AN/ (AM-2,.%* AFTENZ251

1 {AP+AB)) AFTEN252

40 RMF=z XMOM *2.0 /(1o ®AMEMO%®N2) AFTEN2S3

IF(40 .GT, 1.0) GO TO 60 AFTEN 254

PBPE= (0.940.0167T*RMF) /{09440, 06%(2.0%(AB+AE}/AM)) AFTEN 255

D8 = (1.0-PBPE)*PO*2,0%AB AFTEN256

G) 1) 62 AFTEN257

60 TETE= (1.0+(GAM-1.0)/2.0)/(01.0¢(GAM=1.0)/2.0%ME%%2) AFTEN258

DEQ= SQRT(2,0%AM/3,141592) AFTEN259

PBPE=TETE®3,5/(.5¢6.%(AB+AE) AFTEN 260

1 JAMI (0, 19¢1 . 28%RMF/ (L. DO+RMF)) ¢ AFTEN261

1 «047%(5,C-MO)*{2.0*%DEL X/DEQ+ (DELX/DEQ) *%2) AFTEN262

DB = (l.0-PBPEI*PO*2,0%AB AFTENZ63

62 IF(M0 o.LE., 1l.0) GO TO 100 AFTEN264

Xz SQRT(MO*®2-1.0)*IMST AFTEN 265

Iz 2., 0%[AP+AB ) /AM AFTEN 266

CAL. XTRPIXyRKEyZyK6IMST) AFTEN267T

IF(ISD «LEe 3) CALL XTRPIUMORK2 ¢0e ¢K2MOL) AFTEN 268

IF(ISD oGEs 4) CALL XTRP{MORK2 40, +K2MO2) AFTEN269

R¢3x 0,0 AFTEN2T70

IF(40 .GE., 2.0) GO 10O 75 AFTENZTL

Xl= 0.0 AFTENZT2

X3= LOM®SQRT(4,0%AM/3.141592) AFTEN2T73

Yl= DEQ/2.0 AFTEN2T74

Y3= SQRT((AE+AB)/3.141592) AFTEN2TS

Y23 Y 34(X3-X1)sTAN( THE TR) AFTEN276

XM1l= MO AFTEN2T7

XM2= MO AFTENZ278

XM3: MO AFTEN2T79

NN= ] AFTEN280

ALPHAO= ATAN(1,0/SIRT{XM2%%2-1,0)) AFTENZ281
sssCONTINJING



65

10

15

100

145
148

¢ssCONTINUING

THETAR=-THFTR /2.0

ALPHA=z ATAN(1.(/SQRT{XM3%%2-1,0))
ALPHAR= (ALPHA+ALPHAOD)}*0,.5

ALP= TANUALPHAC)-TAN(THE TAR-ALPHAR)
BET= {Y3-YLl)/ALP

CET= X1«TAN(ALPHAD)/ALP

DET= X3= TAN(THFTAR-ALPHARY/ALP

XX2= BET4CET-DET

YY2= (XX2-X1}*TAN(Al PHAQ) +Y]

Y= (YY2¢Y3)/2.C

T3IT= 1,0/(1.0¢0.2%XM3%%x2)

T2TT7= 1.0/(1.0¢02%XM2%%2)

TATT= (T3TT+T217)/2.0

ERQ= SQRV{TRTT/T3TT)/COS(ALPHAR)

Fl3= TVAN(THETAR)I*TAN(ALPHAR)

GRQ= YR*(FRD+1,.,0)
XM4=ERQ#(FRQ/GRQ*{X3-XX2)¢THETR) ¢ XM2 #SQRT( T2TT/T3(T)
[IF(ABS(XM4-XM3).LE, 0.000L%XM3}GO TO 70

X¥3= xXM4

IF{XM4.,LE. 1.01 .ANDe NNoEQes L) XM3= 1.2%MO
IF{XM4. € 1eCl +ANDos NN,3T, 1) GO FO 70
NN= NN+¢l

IFINNLF. 100) GO TO 65

AFTERR= 1,0

WITE (649960)

RETURN

XML= AMAXI(1.050XM4)

PLPE= (1 1.0¢0.,2%M0%%2)/(1.04+0.2%XML*%2))#*%3,5

QL= 0. T*PO* XML *#2%P L PE

IFI{PEPE-PLPE I *PO/IL «GEe Llo4) CALL XTRPUTHETAMyRK3 y0o e KITHET)
DAT? = RKG6E/(MO#%2-].0) *Q*(AM=-2,0%(AP+AB) ) ¥RK2~
1 2.,0¢¥RKIVAQ*( PEPE-PLPE) *PO

G) 1) 211

X= (MO*%2-1,0) /{{MO*$2%[MSA ) %%, 6666567)

X = AMAXLIXy-2,)

1= 2,0%( AP +AB) /AMB

IF(NT ,EQ.1 +AND. OFLXDM .GT.
IFCIT.EQ.1 JAND. ISD LEQ. 1)
IF(ITLEQ.1 JAND. ISD +EQ. 2)
IF(ITLEQel AND. ISD .EQ. 3)
IF(IT JEQe2 +AND, ISD .EQ. 1)
IFLIT A ED1 JAND. [SD JEQ. 4)
G) T 148

CAL. XTRPUX RK4yZ K41MSE)
IFCISD €3¢ 1) CALL XTRP{THETAE ¢RKS ¢MO K5 THML)

IF(ISD +EJs 2) CALL XTRPUTHE TAE ¢RK5 yMO K5 THM2 )

IFCISD «GE. 3) CALL XTRP{THAETAE yRK54MOyK5THM3)

FIN= PTPFS*PO*AJCD* SQRT(2,0%3AM*%2/(GAM-1.0)%(2.,0/ (GAM¢L,0))**

0.) GO TO 145

CALL XTRP(XyRKG9ZoKeIMSL)
CALL XTRP{XyRKGyZyKGIMS2)
CALL XTRP{XyRKéyZ9K&1MS3)
CALL XTRP(X¢RKayZyKGIMS4)
CALL XTRP(XeRK&yZ)KGIMSS)

1l ((GAMe1,0)1/(GAM=1,0))*¥(1e0=-(LlO/PTPFS)#*((GAM=-1.0)/GAM}))

R<1l= 0.0

IF{CT.GT.1.)G0 TO 210

IFINT L€EQ. 1) GO TD 185

IF(NT oJLEe. 3) CALL XTRP{1l.-CT,4RK] ¢MOKICV)
IF{(NT .LEL3IGO T0 210

IFINT .GEe 4) CALL XTRP(L--CT4RKL MOsKLCVLI)
JFINT oGE. 4) CALL XTRP{1.~CTRKS,MO,KLCVS3)
6l T1 186
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AFTEN285S
AFTEN 286
AFTEN287
AFTEN 248
AFTEN 289
AFTEN 290
AFTENZ9L
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AFTEN 294
AFTEN 295
AFTENZ296
AFTEN 297
AFTENZ298
AFTEN299
AFTEN 300
AFTEN301
AFTEN302
AFTEN303
AFTEN304
AFTEN 305
AFTEN300
AFTEN307
AFTEN308
AFTEN 309
AFTEN310
AFTEN3LL
AFTEN3LZ2
AFTEN3LS
AFTEN3L4
AFTEN3L5
AFTEN3LG
AFTENI3LT?
AFTEN3LS
AFTEN3LY
AFTEN 320
AFTEN321
AFTEN 322
AFTEN3Z23
AFTEN 324
AFTEN 325
AFTEN326
AFTEN327
AFTEN328
AFTEN329
AFTEN 330
AFTEN33IL
AFTEN332
AFTEN333
AFTEN334
AFTEN335
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185

186
210

211

215

220

225

230

235
250

IFIDELXDM.EQ. Co) CALL XTRP(1.=CT RKL,MOoKLCVL2)

IF(DELXDM.EQe Co) CALL XTRPUL1oe=CTRKS)MD,K1CVS2)

IFIDELXOM GTo Cod CALL XTRP(Lle=CTRKLyMOoKLCVLL)

IF(DELXDM¢GT, Co) CALL XTRP(1le-CToRKSeMO+KLCVSL)

RCLl = RKS + (AT-ATMIN) *{RKL-RKS} /({ATMAX-ATMIN)

DBV2 = RK4®{IMSA/MO) *%,666666T*Q*(AME=2,0*%(AP+AB) ) +RK5%Q%2 ,0*
(AE+AB) +RK L*2,0%F[D

LM8 = LMBDM#DM

LL = LDM%DM

FTHETA = THETDMsDM

RHO = POXGRAV/(RRR*TQ)

MU = 2.,2TE-8%TQ **{1,5)/(T0¢198,6)

UO = MO%SQT{ GAMF S*RRR *TQ)

RETHFT = RHO*U(*FTAE TA/(GRA V*MY)

TAW = TO®(l.+,178%M0%%2)

TP = TO*(l., ¢ ,035%MC%%2 ¢ ,4&S5«(TAW/TO0 -1.))

MUP = 2,2TE-8%TP *%x(1.,5)/(TP+198,6)

K|'=0 '

RETHP = l.EO .

FINZ = RETHET -MUP*, 044*RETHP/(ALOGLO(RETHP)=1,5) %2/ M)

SAVRP = RETHP

CALL ITRATEIRETHP qFUNC 404 9KT)

[F(ABSIFUNC ) LT, Ll.E+2) 50 TO 225

IF(SAVRP-RETHP .GT. Qs)RET4P = AMAXL (RETHP, .8%5AVRP)

IF{SAVRP=RETHP LT, Q0. )RETH4P = AMINL(RETHAP, 1,24SAVRP)

IF(<TGT.99)G0 10 220

IF(CT.EQ1)RETHP = |, 0L*RETHP

G) T3 215

AFTERR = 1,

WRITE(649970)

RETUYRN

RHOP = PO*GRAV/{RRR*TP)

LEFF = GRAVEMUP*RETHP/{RHOP *UQ) + LMB

LVAR = LL - LMB

AWET = AWT - AW

LFLG = 1

LT = LEFF ¢ LVAR

RELP = RHOP*UQ* T/{GRAVEMUP)

CF =(.,088%(ALOGLIO(RFLP) = 2.3686))*TO/(ALOGLO(RELP)I=L.D)%*3 /TP

DBTF = CFeQ#ANET

IF(40 LLT, l.) GO TD 250
IF(LFLG «FJ. 2) 6O TN 235

LFLG = 2

LEFF = LEFF -~ (M8

LVA? = LMB

AWET = AWF

DBTFl = DBTF

Gl T3 230

DBTF =(DBTF1l ¢ DOBTF)

DT = DRTP ¢ DB + DITF

QAWING = Q*AWING

COBTP = DBTYP/QAWING

COBTF = DATF/QAWINSG

CDB = DB/QAWING

TM0 = TID#P TPFS*PO*AJCO*CYV - DT
CTMTD = TMD/( TID®PTPFS*PO*A JCD)
COT = OV/QAWING

¢80 ONTINJING 88
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9960 FIRVAT(* FEXTERNAL EXIT MAL4 NUMBER ITERATION FAILED®*)
9970 FIRMAT (*0 REYNOLDS NUMBER I TERATIUN FAILED*)

«eeFND

RETURN

END
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s*2BEGIN

SUBIUTINE EJECTR(AT,ATFLOWJAEOAT,APTOAT,ANPR,DUMV AR,QQQyGAMy GAMS 4 EJ ECTOO1L

1 S22, CONyCTyWSOWPL yPTSPTP o FLAG ¢ NOZERRGFLyCTIDoXMOM,QMODEL »

2 TIDe XMEXIT)

DIMENSION X(2)y XMIN(2),
DIMENSION FIGS5(32)

v FIGLLA(LST)

XMAX(2) o EPS(2), F(2)
v FIGLLE(LL2)

EJUIVALENCE (FIGLIA(CL),FISLILELD) y (FIGLLIB(1),FIGLLIL1S8))

CIMMIN /AREA/GAMMSAMMS sGAMSP yAPUAT ¢ ASDAT y MPy MS

REAL MP o MEP yMSyME Sy ME
DATA FIGLLIA /7 5.y leo
A l‘c, 00' 100250
8 1.3, «997¢s leés
C 00' 00' 00'
0 l4., 249 1.025,
€ le2s «99Ty 14254
F Qe Oee Oeo
G 204 4oy 1,025,
H 103' 0997' 10330
I le5, «996y 1.6y
J 22.9 600 10025'
K 1.49 0997' 105'
L leby «996, 1.7,
M 2249 89y 1.025,
N loly «9955, 1.2,
g l1e5¢ «996, 1.6y
P 220' 1000 l.OZSo
qQ lely e993, 1.2,
R 1050 09929 lob'
S 22'0 1200 10025'
DATA FIGLLS
A lely « 9915,y 12y
B 105' 098659 lob.
c 224 144y 1.025,
0 lel, «990, le2s
E lasv 09810 106'
F 220' 1600 100250
] le2y «9815, 1.3,
H le6, « 9753, 17
1 224 1844 1.025
J le3y «973y  lo4
K 107’ o968| 108'
L 220' 20.' l.OZS.
M 1.3, e970y Llo4y
N | P «9618, 1.8y
NJZERR=0
CTiD = 1,
GAMSP = GAMS
Pl = 4.,%ATAN(1.)
RAD = ,0174533
RS = 53.35
RP = RS/RSRP

APT = APTOAT#*A1L

CON = AYFLOW/APT

AE =
RE =

$+4CONTINJING

AEOAY * A}
SQRT(AE/PI)

O o
.997 [ ]
« 997,
0. 9
0997'
09960
0.'
0997'
«997,
9952,
«997,
0997'
e 9945,
0997'
« 9945,
«9965,
«997,
09910
09925,
«997,

«9875,
.9815 ’
«997,
098350
09812'
997,
«978,
«9756,
0997'
091ll
«968,
«997,
« 966,
9615,

90

264
lol'
1.5,
Qoo
lel,
103'
O
lely
10330
1063'
lol'
10560
1.8'
loOb'
1.3,
1.8,
100‘5'
led,
le8y
1.032,

1.3,
108'
1,032,
l039
1.8,
1,025,
los'
1.8,
leloy
be5y
1090
lely
159
l09|

Ileo
09970
0997'
Oey
«997,
0995'
00'
997,
997,
09950
2997,
997,
09930
«997,
995,
.996 ]
«397,
09910
9935,
«397,

986,
«389,
099"
09815'
982,
997,
0976'
0916'
986,
«369,
«9685,
3845,
«363,
09612'

102'
1.560
000
102'
le3,y
00'
loZ'
| X )
00'
102'
1.56,
200'
1.06,
|
200'
1.065,
lo"
2-0'
10032!

l.“'
200'
1.032,
l.“'
2.0'
lol'
15y
2000
1020
lob?
2000
1.2y
1.6,
200'

v FIGLL(269)

0997'
«997,
00'

«997,
«995,
00'

e 997,
¢9965,
00'

«997,
«997,
09928'
0997'
9955,
a994'
«997,
.9915!
e 994,
«997/

«9862,
«990,
997,
09810
098350
0988'
« 975,
977,
«978,
0968'
¢ 969,
09760
9622,
9612 /

CSe

EJECTUO02
EJECTO03
EJ ECTO04
EJ ECTO0S
EJECTO06
EJECTOO0?
EJECT 008
€J ECT 009
EJECTOLO
EJECTOLL
EJECTYOL12
EJECTO13
EJECTOL4
EJECTOLS
EJECTOLG
EJECTOLT
EJECTOILB
EJECTOL9
EJECTO020
EJECTO21
EJECTO22
EJECTOR3
EJECTO24
EJECT 025
EJ ECTO26
EJECT Q27
EJECTO28
EJ ECT 029
EJECTOI0
EJECTO31
EJECTO32
EJECTO33
EJECTO34
EJ ECTO35
EJ ECTO36
EJ ECT 037
EJ ECTO38
EJECT 039
EJ ECT 040
EJECTO4]
EJ ECTO42
EJECTO43
EJ ECTO44
EJ ECT Q4S5
EJECTO46
EJECTO47
EJECT 048
EJ ECT 049
EJ ECT 0S50
EJECTOS]
EJECTO52
EJ ECTO53
EJECTOS4



Cexs

RY = SORT(AT/PI)

THET = ATAN{(RE-RT)/SQRT{FL-(RE=-RT)*%2))
THETA = THET / RAD

IF(DUMVAR ,GT, C.0) GO TO 3

PTS?TP= 1,0

WSOWP 1= 0.0

FFIDS= 0.0

AEDAPS= AE/ATFLOW

GL2GM 1= {GAM+ 1, C)/(2.0%(GAM~1.0})

Q49 = 1,

KTE= O

FINCS = AEJAPS~=((2., +{GAM
SVQYQE = QMQ

CALL [TRATE(QMQy FUNCS5y 0O.¢ KTE)
IF (ABS(FUNCS) .LE. 1.E-4) GC TO 5
IF (CTEL.GT, 25} GO TO 475

IF {<TE.EQ. 1) QMQ = 1,01

IF (SVQMQE - QMQ LT, 0.0QMQ
Gl T) 4

PIPTT = (L. ¢ 5% QMQ**#2 ¢((GAM -~1,))*%(-GAM /{GAM
FSAAPS =PQP TTHAEOQAPS*(l.¢5AM &QMQ*%2)

CALL XTRP(AFOAPS,CSyTHETA,FIGLL)

IF (QMODEL oGEJ2e)lS = CS-,007

FFID= GAM®SQRT(2.,/7(GAM=1 )% (2./7(GAM*L,) ) s ([GAMe],.)/ (GAM=-1,))
1 «{1.-(1./ANPR)**{{GAM-1,)/GAM)))

FLAG = 4.

TID = FFID

XMEXIT = QMO

CT =2(CS*FSAAPS~ AFOAPS/ANPR) /FFID

IF{23PTTGTs L/ANPRICTID= (FSAAPS-AEDAPS/ANPRI/FFID

XMIM=z (PQPTT®AEQAPS $GAMEQMI ¢#2) SANPR®ATFLOW

G) 1) 500

IF{QQ.FQe2.) GO T] 2

PTS2TP=DUMVAR

IF(ANPR*P TSP TP LGE. Ll.) GO TO 2

WRITE( 64 1020)

G) 1) 490

GAM2 = GAM ¢+ ],

GAMY = GAM - |,

GAMPS = GAMS + |,

GAMYS = GAMS - |,

L = 0.

AEJAPS = AEOA T/APTIOAT/CON

ATDAPS = 1./APTNAT/CDN

WASWAP SECTION

IF{(22Q.,EQ.1ls) GO T2 19

WSDWP L=DUMVAR

WSOKRP 2=sDUMVAR

KINV=0

X(L) = .25

X(2) = L,715

XMINCL) 0.

XMIN(2) 0.

XMAX(1) = 1,

XMAX{2) = 1.

EPSLL) = 1.E-4

=1e)#QMO®®2) /{5AM ¢ L) )*xGl2GML/ OMQ

= AMAXLIQMQ » 5%(1.¢SVQMQE))
= AMINL(QMQ + 1.2¢SVQMQE)

=l )

s¢sCONTINVING 91

€J ECT 055
EJECTO56
EJECTO57
EJECTO58
EJ ECTO59
EJECTO60
EJECTOG1
EJECT 062
EJECTO63
EJECTO64
EJ ECTO65
EJECT 066
EJECTOO7?
EJECTO68
EJ ECT 069
EJECTOTO
EJECTO?1
LJECTOT2
EJECTOT3
EJECTOT4
EJECTOTS
EJECTOTE
EJECTOTT7
EJECTOTE
EJECTOT79
EJECTO80
EJECTOBI1
EJECTOB2
£EJECTOB3
EJECTOB4
EJECTO85
EJ ECT 086
EJECTO87
EJECTOHS
€JECTO89
EJECIO090
EJ ECTO91
EJ ECT 092
EJECTO93
EJECTO094
EJ ECT 095
EJ ECTO096
EJECTO97
€4 ECT098
€EJ ECTO99
EJECT 100
EJECT10]
EJECTL02
EJECT103
EJECT 104
EJECT 105
tEJECT 106
EJECTL107
EJECT 108
EJECT 109
EJECT110
EJECT1L1



10

11

19

20

40

46

47

EPS(2) = 1.E-4 EJECT 112

PIPTP=X(1) EJECT 113
PIPTS=X(2) EJECTL14
PTSPTP=X{1) /X 2) EJECTLLS
WSIWP A =ATJAP S*SQRT(2./GAMM*{GAMP/2, ) %% (5AMP/GAMM) ) ~{1./POPTP )**(LEJECT LLO
Le/7GAM ) /SQRT{ L o~POPTP **(GAMM/GAM) ) EJECT 117
F(l)= EJECT 118

IWSIAP Ll = WSOWPA#*SQRT(RP/RS*GAMS/GAMEGAMM/GAMMS* {1l .—POPTS** (GAMMS/ EJECTLL9

LGAMS ) } V=P TSP TP POPTS*%x{]1,/5AMS)

EJECT 120

WSIWPB = GAMS/GAM®PTSPTPE{3AMM/2, *(POPTPe# ((l.~GAM)/GAM) -l %% (-]1.EJECT 121
1) = Lle) *POPTSH*( 1. /GAMS)*SQRT(2./RS*GAMS/GAMMS* (] ,-POPTS** (GAMMSEJECT 122
2/GAMS) ) EJECT 123

Fl2)= EJECT 124
IWSIAN22 - WSOWPB/((l.-GAMMS/2, *(POPTS*%({1.-GAMS)/GAMS)-L.)*¢(~-1,) EJECT 125
L 1#P)PTPe%({ ], /GAM)*SORT(2./RP*GAM/GAMM® (] , ~POPTP*& (GAMM/ GAM) ) )) EJECT 126

CALL [TRATA(Z2¢)2¢FoXMINyXMAX sEPS ¢30,KONV) EJECT 127
IF{CINV = 2) 1(y11,4485 EJECT 128
PPOPTP=POPTP EJECT 129
[FIX(1)elToOs oORe X(2)oLT. 0060 TO 485 EJECT 130
[FIANPR#PTSPTP .GE. l.) GO TU 46 EJECT 131
WRITE(641020) EJECT 132
G) T3 490 EJECT13)
KT = O EJECT 134
PIPTP=PTSPTP%,175 EJECT 135
PIPTS = PRPTP/PTISPTP EJECT 136
PIPTS=POPTP /P YSPTP EJECT 137

WSJAW2 1 =ATIAP S*SQRT{ 2, /GAMME(GAMP/2, ) ** [GAMP/GAMM) }=(l./7POPTP)ex{ LEJECT 138

1./GAM ) /SQRT( 1 .~POPTP &% (AMM/GAM) )

EJECT 139

WSOWPL = WSOWPI*SQRT(RP/RS*GAMS/GAMKGAMM/GAMMS #(1 . ~POPTS*« {GAMMS/ EJECT 140

LGAMS ) ) )*P TSP TP 4POPTS*%( ], /5AMS)

EJECT 141

WSJuWP 2 = GAMS/GAM®P TSPTP*(5AMM/ 2. #(POPTP*¢ ((1.~-GAM)/GAM) -]l )**(-1.EJECT 142
L) - 1) #PIPTS#%( ], /CAMS) #SQRT{2 . /RS*GAMS/GAMMS* (1 ,~PUPTSe& (GAMMSEJECT 143

2/GAdSHI )

WSINP22 = WSOWP2/((1.-GAMMS/2, ®*(POPTS**( (]l .-GAMS)/GAMS)-1.)**(~-].)
1 1#P)PTP*#{ |, /GAM)I* SQRT{ 2. /RP*GAM/GAMME (] . ~POPTPE& (GANM/ GAM) ) ))

FUNCY = WSOIWP1 - WSOWP2

SPIPTP = POP TP

CALL ITRATE(POPIP, FUNKYy 0.y KT)
IF(ABS(FUNFY) . T. .001) 50 TO 40
IF(KT GT. 25) GO TO 485

IF (SPOPTP - POPTP .GT. 0.) POPYP =AMAXL(POPTP ,
IF (SPOPTP - POPTP LT. OUe) POPTP =AMINI{POPTP,.5%(SPOPTP¢

1 PTISPTP))

IF(T .FQQ 1) POPTP = 1,01% pOPTYP
G) T3 20

PPIPTIP = POPTP

WSOWP 1 = 5% WSOWPL ¢ WSOWP2)
PTO2TP = PPOPTP

WSW2> = WSOWP1

AEOA = AEDAPS

PIPTPX = PPOPTP

XX = 1.

BERN = ]

6) T) 200

PEDPTP = POPTPZ

PED2TS = POPTS

IF {(PEOPTP ,GF. L./ANPR) 50 TO 80

$$2CONTINJING 92

«B8¢SPOPTP)

EJECT L4
EJECT 145
EJECT 140
EJECT 147
EJECT 148
EJ ECT 149
EJECT 150
EJ ECT 1S
EJECT 152
EJECT 151
EJECT 154
EJECT 155
EJECT 156
EJECTLST?
EJECT 158
EJECT 159
EJ ECT 160
EJECT 161
EJECT 162
EJECT 163
EJECT 164
EJECT 165
EJECT 166
EJECT 167
EJECT 168



48

49

50

80

90

92

2 = 1.
IF(0Q.ENe1e) GO TD 48

EJECT 169
EJECTLTO

WSJA2C = AEDAPS*SQRT(2,/GAMM*{GAMP/2.)**(GAMP/GAMM) )—(1 ./ (1./ANPRIEJECTLTI]

L 1%6(Lo/GAMD/SGRTILo=(1s /ANPR) %% (GAMM/GAM) )
PTS>TP= ‘

. INSJAP 1 /7 WSOWPC*SQRTIRP/RS*GAMS/GAMSGAMM/ GAMMS*(1 , -POPTS** (GAMMS/

1 GAYS))) *POPTS*#4{1./GAMS)
IFLANPR®PTSP 1P .GE. l.) GO TO 49
WRITE(641020)

GJ3 TJ 490

EJECT1T2
EJECT 173
EJECT 174
EJECT1TS
EJECTLT6
EJECTLTT
EJECT178

WSJIW2X = AEOAPS*SQRAT(2./GAMM*{GAMP/2) **(GAMP/GAMM) )=(1+/ (1./ANPRIEJECTLTY

L 1#¢{1./GAM) /SCRT{La=(L1s/ANPR) #%{GAMM/GAM))
PIPTS = 1./ANPR/PISPTP

WSIAP X = WSOWPX®SQRT(RP/RS*GAMS/GAMEGAMM/ GAMMS* (1 . ~POPTS** (GAMMS/

1 GA4S)II*PTSPTP*POP TS*%(1./GAMS)

IF{ASOWPX.CT.hSOWPL) GND TU 480

WSOWP L=k SOWP X

WSW? = WSOWP1

AEDA = ATDAPS

BERN = 2

PIPTIPX = PIPTPZ-.1

Gl 1) 200

PTOPYP = PIPTPZ

PTND3TS = PIPTS

IF (21 82+ O.) CALL AREAS(L1./PPOPTPPTSPTP(GAMywSOKPL)
IF (27 «NE. 0.) CALL AREAS(1,/PTOPTP PTSPTPGAMyWSOWPL )
If (PEOPTP ,GT. L./ANPR) GO TO 90

CALL AREAS{ANPR,PTSPTP ,GAM,WSOWPL)

AEPAPS = APQATHAEDA T#ATOAPS

AESA2S = ASOATHAEQAT*ATUAPS

MEP = MP

MES = MS

XMEXIT = APOATOMEP ¢ ASOAT*MES

FFID = GAM®SQRT{2./GAMM*(2, /CAMP ) **{GAMP/GAMM)%(1l .~ (Ll./ ANPR}® %

1 GAUM/GAM)))

EJECT 180
EJECT 181
EJECT 182
EJECT 183
EJECT 184
EJ ECT 185
EJECT 186
EJECT 187
EJECT 188
EJECT 189
EJ ECT 190
EJECT 191
EJECT 192
EJECT 193
EJECT 194
EJECT 195
EJECT 196
EJECT 197
EJECT 198
EJECT 199
EJ ECT 200
EJECT 201
EJ ECT 202
EJ ECT 203

FFIDS = WSIWP I #SQRT( 2, $GAMSGAMS/GAMMS*RS/ RP*(2,/GAMP)** ( GAMP/ GAMM ) EJ ECT 204

1 ¢ (le=(Ll./ANPR*]L,/PTSPTP)*%(GAMMS/GAMS)))
FFS = PEOPTP®AFPAPS* (L. ¢GAMSMEP *#2)
FFSS = PEIPTS*PTSPTP®AESAPS*{]1,¢GAMS*MES**2)
TID = FFID « FFIOS
€S = ,995
IF {JMDDEL «GE 2,025 = LS-.007
CV = (CS *(FFSeFFSS)I-AENAT*ATOAPS/ANPR)/ (FFID*FF]DS)
FLAG = 1.

EJ ECT 205
EJECT 206
EJECT 207
EJECT 208
EJECT 209
EJECT 210
EJECT 211
EJECT 212

XM = (PEDP VTP SAEPAPS*GAM*MEPS#2¢ PLOPTS*PTSPTPHAES APS*GAMS#MES** 2EJ FCT 213

LISANPR*ATFLOW

G) 13 500

PRCIPD = 463 + O0*ALOGIWSOWPLle .01}
PRC>TT = PRCOPC/ANPR
WSW2 = WSOWP1

BERN = 3

XX = 0,

AEJA = AEDAPS
PIPTPX = PPOPTP-,001
G) 1) 200

PEV2TP = POPTPZ
PEU2TS = POPTS

«s¢CONTINJVING 93

EJECT 214
EJECT 215
EJECT 2]6
EJECT 217
EJECT 218
EJECT 219
EJECT 220
EJECT 221
EJECT 222
EJECT 223
EJECT 224
EJECT 225



IF (PRCPTYY LE. PEUPTP) GD TO 190 EJECT 226

IF (PRCPTT .LE., PPIPTP) GD TO 95 EJECT 227

WRITE (6,1010) EJECT 228

G) T 490 CJ ECT 229

9%  PRCA2TS = PICPTIT/PISPTP EJ ECT 230

AIOAPS = WSOWP L/(SQRT{RP/RS*GAMS/GAMEGAMM/ GAMMSx (1, ~PRCPTS*% [ GAMMSEJ ECT 231

1/GAMS ) ) )*P TSP TP*PRCP TS*#( 1, /GAMS)) EJECT 232

AIJAPS = AJOAPS + (1./PRCPTT)%u{]1./GAM)/SQRT(L.~-PRCPTT** [GAMM/GAM EJECT233

1) EJECT 234

AIDAPS = ATOAPS/SQRT(2./CAMME(GAMP/2,.) ¢«(GAMP/GAMM)) EJECT 235

AIJDAT = A[JAPS/ATOAPS EJECT 236

PPFLSP = o1%10.*%(,0332*%THE TA¢, 7T2)*(10.#*{AEOAT -1, })s*{-,T7) EJECT 237

Ceee  MACH SECTION EJECT 238

ME = 1. EJ ECT 239

KT = 0 EJ ECT 240

150 FUNKX = AEOAT -~ 1./ME*((2.¢GAMMSME ®#2) /G AMP) *%(GAMP/ (2.*#GAMM)) EJECT 241

SVQYEE = ME EJECT242

CALL ITRATE(ME sFUNK Xy0eyKT) EJECT 243

IF (ABSIFUNKX) <LEe LleE-4) GO TO 160 EJECT 244

IF (KT +GT. 25) GO TO 475 €EJ ECT 265

IF (KT .EQ. 1) ME = ],01 EJ ECT 246

IF (SVQMEE-ME GT. 0.) ME = AMAXLIME,y 5%(l.¢SVQMEE)) EJ ECT 247

IF (SVQMEE-ME T, 0.) ME = AMINL(ME, l.2%SVQMEE) EJECT 248

G) T2 150 EJECT 249

160 CIONTINUE EJ ECT 250

PTY2E = (1o ¢GAMM/2, &ME*2) ® % (GAM/GAMM) EJECT 251

PTYT2CP = PPFCSP*PTTPF EJ ECT 252

IF (PTTPCP ,GE. ANPR) GO TO 180 EJECT 253

CALL AREAS( L./PRCPTTPTSPTP yGAM, WSONWPL) EJECT 254

AEPAPS = APDAT#AICAPS EJECT 255

AESAPS = ASOAT#AIDAPS €JECT 256

MEP = MP EJ ECT 257

MES = MS EJ ECT 258

XMEXIT = APDATOMEP ¢ ASOATH#MES EJ ECT 259

FFS = PRCPTTSAEPAPS*{1.,¢GAMEMEP*%2) EJECT 260

FFSS = PRCPTS*PTSPTP*AESAPS*(},+GAMS*MES®$2) EJECT 261

PDA = 1./ANPR*{{6.,+PRCPTT®ANPR) /T.) *(AEOAT *ATOAPS -A10APS) EJECT 262

FFID = GAM®SQRT(2.,/GAMM®(2, /GAMP) s*(GAMP/GAMM) ®{]1 .~ {L./ANPR)** [GAMEJ ECT 263

IM/GAM ) )Y EJ ECT 264

FFIDS = WSOWP L®SQRT(2,.3GAMEGAMS/CAMMSSRS/ RP*(2,./GAMP)** { GAMP/ GAMM )EJ ECT 265

1 ¢ (1lo=~{1./ANPR®1,/PTSPTP) #&(GAMMS/GAMS)} ) EJECT 266

CALL XTRP(AIOAT, CSy THETA, FIGLL) EJ ECT 267

IF (JMODEL +GE . 2.)C5 = CS5-.007 EJ ECT 268

TIO = FFID + FFIDS €J ECT 269

CT = (CS*(FFSe¢FFSS)-AEOQAT#ATOAPS/ANPRePDA)/ (FFID¢FFIDS) EJECT 270

FLAG = 3, EJECT 271

XM0M = (PRCPTTHAEPAP SEGAMEMEPE*2 ¢+ PRCPTSEPTSPTPEAESAPS*GAMSEMES®%EJ ECT2T2

12)*ANPR*ATFLOW EJ ECT 273

Gl 1) 500 EJECT 274

180 CAL. AREAS(1./PEOPTP PTSPTP ¢GAM,WSOWPL) EJECT 275

AEPAPS = APDATHAEDA T®ATOAPS EJECT 276

AESAPS = ASQATHAEODA T#ATOAPS EJECT2T?

MEP = MP EJ ECT 278

MES = MS EJ ECT 279

X4EXAA = APOATOMEP ¢ ASOATSMES €J ECT 280

FFID = GAM®*SQRT(2,/GAMM®{2, /GAMP) ¥ [GAMP/GAMM) #(} . -PECPTP*® (GAMMS EJECT 281

1/GA4S ) )) EJECT 282
ss¢CONTINUING

9k

“ owry



FFIDS = WSIWP LeSQRT( 2. *GAM#GAMS/GAMMS®RS/ RP*(2./ GAMP) ** (GAMP/ GAMM )EJ ECT 283

L ¢ (1.-PEQPTS**({GAMMS/GAMS) )} EJECT 284
FFS = PEOPTP®AEPAPS*(1,+GAMXMEP*%2) EJECT 285
FFSS = PEQPTS®PTSPTP ®AESAPS*( 1, ¢GAMS*MLS*#2) EJECT 286
TIDl= FFID ¢ FFIDS EJELT 287
CS = .995 EJECT 288
IF(QMODEL 4 GE ¢ 2.)C S=C S-,007 EJ ECT 289
CYGE]) = (CS *(FFSeFFSSI-AFOATS®ATOAPS*PEOPTP)/ (FFIDSFFIDS) EJECT 290
KMIM1= (PEOP TP SAEPAP SEGAMEMEP*®2+ PECPTS®PTSPTPRAES APS*GAMS*MES ¢+ 2EJ ECT 291
LI®ANPREATFLOW EJECT 292
PRCATT = PRCOPC/PTTPCP EJECT 293
PRCATS = PRCPTIT/PTISP TP EJ ECT 294
ALOAPS = WSOWP1/{SQR T(RP/RS*GAMS/GAMSGAMM/ GAMMS (| , -PRCPTS** (GAMMSEJ £CT 295
1L 7GANS)H))*P TSP TP#PRCP TS**(1,/GAMS)) EJECT 296
A1DA2S = AJOAPS+(1./PRCPTT)*%(]1,/GAM)/SQRT{L.-PRCPTT**{GAMM/GAM) )} EJECT 297
ATJA2S = ATDAPS/SQRT{2./GAMM®(GAMP/2,) ¢ (GAMP/ GAMM) ) EJECT 298
AIJAT = AIDAPS/ATOAPS EJ ECT 299
CAL. AREAS{ L./PRCPTT4PTSPTP 4GAM,WSOWPL) tJ ECT 300
AEPAPS = APOAT*AINAPS EJ ECT 301
AESAPS = ASOAT#AIOAPS EJECT 302
MEP s MP EJECT 303
MES = MS £J ECT 304
XMEXBB = APOATHMEP ¢ ASOAT®MES €JECT 305
FFS = PRCPTT#AEPAPS®( L. ¢GAMEMEP*#2) EJECT 306
FFSS = PRCPTS*PTSPTP*AESAPS*(1, +GAMS*MES®«2) EJECT 307
PDA = 1./PTTPCP*((6.+PRCPTT*PTITPCP)/T,) *#(AEQAT ®ATOAPS-A]CAPS) EJ ECY 308
FFID = GAM*SQRT(2./CGAMM%(2, /GAMP) s*x(GAMP/GAMM) * (1l .- (1./PTTPCP) FJECT 309
L ®x({GAMM/GAM]} ) ) EJECT310
FFIDS = WSIWP 1*SQRT( 2. $GAMEGAMS /GAMMS*RS/RP*(2,/GAMP)** ( GAMP/ GAMM ) EJ ECT 311
1 (Le=(1./PTTPCP#L,/PTSPTP) *%{GAMMS/GAMS) ) ) EJECT 312
CALL XTRP(AIOAT, CS, THETA, FIGLL) EJECT 3L
IfF (QMODEL .GE.2.)CS5 = CS-.007 EJECT 314
CTCUSP = (CS*(FFS+FF SS)-AEQAT#ATOAPS/PTITPCP+PDA)/ (FFID+FFIDS) EJ ECTILS
TID2 = FFID ¢ FFIDS EJECT 316
TID = TID2 -~ (PVVPCP — ANPR)*(TID2-TIDL)/ (PTTPCP=-1./PEOPTP) EJECTILY
CTr = CTCUSP-(PTTPCP~ANPR)I*(CTCUSP-CTGEO)/ (PTTPCP~1./PFIPTP) EJECT 318
XMEXTT=XMEXBB~(PTTPCP-ANPR) *{ XMF XBB=~XMEXAA) /(PTTPCP-1./PLOPTP) EJECT 319
FLAG = 2. EJECT 320
XMI%2= (PRICPTTHAEPAP SHGAMEMEP*42 + PRCPTIS*PTSPTP*AES APS*GAMS*MES®*Ey ECT 321
12) *ANPR*®ATFLONW EJ ECY 322
XMO0M = XMOM2 -~ (PTTPCP-ANPR)*(XMCM2-XMOML )/ (PTTPCP-1./PEQPTP) EJECT 323
G) Td 500 EJ ECT 324

190 CAL. AREAS{ 1./PCUPTYP ¢PTSPTP ,GAM,WSOWPL) EJECT 325
AEPAPS = APDATSAEQA T*ATOAPS EJECT 326
AESAP S = ASOATSAFOAT#ATOAPS ESECT 327
MEP = MP EJ ECT 328
MES = M§ EJECT 329
XMEXIT = APOATOMEP + ASUAT®MES EJ ECT 330
FFID = GAM*SQRT(2./GAMM*{2, /CAMP) **{GAMP/GAMM) (] .-(1./ANPR)** (GAMEJ LCT 331

L1M/GAM ) )}) EJECTI32
FFIDS = WSIWP 1*SQRT{ 2. *GAM*GAMS/GAMMS*RS/RP*(2./GAMP)*# (GAMP/GAMM )EJECT 333
1 #*{1e~{1./ANPR#*L,/PTSPTP)** (GAMMS/GuMS) ) ) EJECT 334
FFS = PEUPTP*AEPAPS*{]1.+GAM*MEP*#2) EJECT 335
FFSS = PEUP TS*PTSPTP*AESAPS*( 1, ¢GAMS*MES*%2) EJECT 36
CALL XTRP(AEOAT, CSy THETA, FIGLL) EJECT 337
IF (QMODEL oGF +2.)0S = CS-.007 EJECT 338
TID = FFID ¢ FFIDS EJECY 339

«ssCONTINUING 95



CT = (C5*¢(FFS¢FFSS)-AEOATHATOAPS/ANPR) / (FFID#FFIDS)

FLAG = 4.
IF(PEUPTP

EJ ECT 340
EJ ECT 341

«GTe 1o/ANPR) CTID = (Lloe*(FFS¢FFSS) = AEDAT*ATCAPS/ANPRIEJ ECT 342

1L /(FF ID¢FFIDS)
XMIM = (PEUP TPRAEPAP S*GAMEMEP*%2 ¢+ PEUPTS*PTSPTP®AES APS*GAMS*MES**EJ ECT 344

L2} *ANPR®ATFLOW

Cxee
200

210

G 1O 500

BERNST SECTION

KT = 0

IF(XXeFQ.0.)POPTP X=POPTPX/2,
PIPTS=POPTP X/P TSP TP

SVPIPT = POPTPX

WSWPT = AEJAXSQRT(2./GAMM*(GAMP/2.) **(GAMP/GAMM) ) -{1./POPTPX)** (1 .EJECT352
L /7GAM)}/SQRT( 1.~POPTP Xe*{GAMM/GAM))

WSWPT = WSWPT#SQRTIRP/RS*GAMS/GANCGAMM/GAMMS* (1, -POPIS** {GAMMS/

1 GAMS))I* PTSPTP*PIP TSke{}), /GAMS)

1

240
470
475
480

485
490

500

1010
1020

1

1030
1040
1050
1060
9000

k& END

FUNKK =

WSWP ~ WSWPT

CALL ITRATE(POPTPXyFUNKKy 04y KT)

IF (ABS(FUNKK) .LT.

1.E-4) GO TO 240

IF (KT .GT. 25) GO TO 470

IF (SVPOPT - POUPTPX .GTe Os) POPTPX=AMAXL (POPTPX, .84SVPOPT)

EJECT 343

EJ ECT 345
EJECT 346
EJ ECT 347
EJECT 348
EJECT 349
EJECT 350
EJECT 351

EJECT 353
EJ ECT 354
EJ ECT 355
€EJECT 356
EJECT 357
EJECT 358
EJECT 359
EJ ECT 360

IF (SVPOPT = POPTPX oLV, 0,) POPTPX=AMINL(POPTPXy +5%{SVPOPT+PISPTEJECTI6]

P
IF(LT LEQ
G) 13 210

1) POPTPX = L.O0l*POPTPX

PIPTPZ = PJIPTP X
IF (BERN - 2 )} 47, S0, 92
WRITE(641060)

Gl T) 490

WRITE(6,41050)

G) T 490

WRITE(641040)

Gl 1) 490

WRITE{6y1030)

NOZERR =

1

WRITE(6,9000)

CINTINUE

FIRAAT(LHOy *RECOMP PRESS +5T. THROAT PRESS*)
SECONDARY FLOW TOTAL PRESSURE LESS THAN FREESTREAM STAT IEJECT3TS

FIRMAT{*Q
Ce )
FIRMAT(*0
FIRYAT(*Q
FIRMAT(*0
FIRIAT(*0
FIRVAT{LH
RETJRN
END

PUMP ING CHARACTERISTICS ITERATION FAILED* )
UNCHOKED WSWP GREATER THAN CHOKED WSWP®)
MACH NUM3ER [TERATION FAILFD®*)

EXIT PRESSURE ITERATIUN FAILED ¥)

2 ®*ERANR IN EJECTOR NOZZLE ROUTINE®)

96

EJ ECT 362
EJECT 363
EJECT 364
EJ ECT 365
EJECT 366
EJECT 367
EJECT 368
EJECT 369
EJECT 370
EJECTIT]
EJECT 372
EJECTITI
EJECT 374
EJECT3T7S
EJECT 376
EJECT3T77

EJECT379
EJECT 380
EJECT 381
EJECT 382
EJECT 383
EJECT 384
EJECT 385
EJECT 386



CeeREGIN

SUBRIUTINE FLTSPD (IFSCy FSPD,y AMy VOK, VOM, VOKI, VCMI,

1 PAM, TAM)
c INPUT CODES
c
c IFS = 1 MACH NUMRER
c IFS = 2 TIUF AIRSPEED, KNOTS
c IFS = 3 TRUE AIRSPEED, MP4
c IFS = 4 EQUIVALENT AIRSPEED, KNOTS
C IFS = 5 EQUIVALENT AIRSPEED, MPH
c IFS = 6 CALIBRATE) AIRSPEED, KNOTS
C IFS = T CALIBRATED AIRSPEED, MPH
c
C
C NOMENCL A TURE
c
C Av - MACH NUMBER VCASKT - CALIHBRATED AIRSPEED
c VIM - TRUF AIRSPEED (MPH) VCASMP - CALIBRATED AIRSPEEUD
C VIK - TRUF AIRSPEED (KTS) ALTER - GEOQPOTENTIAL PRESSURE
C VIMI - EQUIVALENT AIRSPEED {(MPH) ALTITUDE (FT)
c VIKI - EQUIVALENT AJRSPEED (KTS)

CIMMOIN/FLTSP/ VCASKT, VCASMP ,

CIMMIN/GCALCC /ALTQ, ALTX, ALTER, GEOPH

DIMENSION GAM (72)

DATA GAM 72000l e00Ue0684
10100:0¢1.402y01506041.402¢0200,0¢16402902504291.%40290300.,0y1,402,
20350.001.4029C4C0e091440290450,091.401 90500.091¢40190550.041.400,
30600.0¢163999C€5040+143984070060+1.39640750.)91.394,0800.041.392,
4090040913874 1000,0491,381911006041637441200.091.36841300.0+1.362,
5140040910395691500¢091035091600,0¢1.34541700.091340¢1800s001.336
61900¢091633292C00404+1.32842100:091¢325+220040916322¢2300.041.319,
72400091631 7¢2€00e0491¢31342800,091430943000.041.306/

OIMENSION VQCASL1(155), VQCAS2(60), VEQCASI(215)

EIUIVALENCE  (VEQCAS{L).VQCASL), (VFQCAS(156),VQCAS2)

DIMENSION VCASVELILS5)y VLASV2{60), VCASEQ(215)

EQUIVALENCE (VCASZQ(L)oVZASVL) (VCASEQ(1560).VCASV2)

[)A"A VLASVI , "00 [ ] 1.0 1) 0.0 03000 ’ 7.0
A, 8.0 s+ 0.C + 0.0 , 0.0 » 250. » 250. ¢ 500,

B+ 750 o 75C. ¢ 20%0.0
C ’ 28.0 [ SOCC. ? 000 ’ 000 L] lOO. ] 1000 ’ 150.
Dy 200 4 199.6 9 250, ¢ 249,24 300. 4 298.5 » 35).
E r] 4000 1 ] 396.8 ] 10500 [} ’045.6 [} 5000 [} 494.2 ’ 5500
F s+ 600. o 590, s 650, v 638, ¢« 100, e 685,90
G 26. ¢150CC. » O.u v 0.0 « 100. v 99,8 ¢ 150.
H L ?00. 1} 19802 ’ 2500 [ 2‘06.6 ’ 300. [} 29'0.5 [] 360.
T+ 600, o 38E.4 o 450, o+ 434, + 500, v @79.1 ,» 550.
J L] 6000 L 5670 L] 6500 ’ 6llo A 2.0.0
K [ ] 22-0 [} 250(0.. 000 [ 000 [} 1000 [} 99." [ ] 1500
L 1} 200. ] 19602 1 ] 250. [ ] 2‘0301 ] 300. [ ] 28808 [) 350.
My 4000 o 376e1 o 450. 4 418.1 4 500, o+ 462. +» 550,
N o 6%0.0
e 18,0 4+ 35CC0.y 0.0 y 0.0 s 100. v 93, v 150.
Py 200, 4 193,46 4 250, ¢ 237.9 4 300, 4 283.3 , 350,
Qs 400 4 362. 4 450, 4 402. + 10%0.0
DATA VCASVZ2 /

¢ssCONTINJING

97

500.

149.8
347.8
542.4

149.2
341.8
524,

148.2
333.1
498,

l47.
321.4

FLTSPOOO
FLTSPOO1
FLTSP 002
FLTSPQOO3
FL1SPOO%
FLTSPOOS
FLTSPQO6
FLTSPOO7
FLTSPOOSB
FLTSPOO9
FLTSPOLO
FLTSPOL1
FLTSPO12
FLTSPOL3
FLTSPO14

IKTFLTSPOLS
(MPFLTSPOL6

FLTSPOL17
FLTSPOILSB
FLTSPOLS
FLTSPO20
FLTSPOZ21
FLTSPO22
FLTSPOZ23
FLTSPO24
FLTSPO25
FLTSPO26
FLTSPO27
FLTSPOZ28
FLTSPO29
FLTSPO30
FL.TSPO3]
FLTISPO32
FLTSPO33
FLTSPO34
FLTSPO3S
FLTSPO36
FLTSPO37
FLTSPO38
FLTSPO3Y
FLTSPO4O
FLTSPO4L
FLTSP Q42
FLTISPO43
FLTSPO44
FLTSPO4S
FLTSP 046
FLYSPO4T
FLTSPO4B
FLTSP Q49
FLTSPOS0
FLYSPOSL

/FLTSPOS2

FLTSPQS3



A 16.0 + 450C0.y 0.0 e 0.0 +100.
8, 200 o, 188.8 4 250, o+ 229.8 , 300.
C ’ 4000 ’ 340. ’ 12‘000
D+ 12,0 » 550C0s0 00 o 0.0 +100.
E s 200 » 182.6 y 250, 4 220.5 , 300.
DATA VQCASI / 4.0 o 1.0 y 0.0
A ’ 8.0 1 0.0 . 0.0 1} 0.0 [ 250.
B [ 7500 L 750. ’ 20*000
C. 28,0 , 500C. » 0.0 4 0,0 ¢ 100,
D [ 19906 [ 2000 [} 2‘9.2 [} 250. "298.6
€y 396.8 y 40C. o 445.6 , 450, 4 494.2
F [} 5900 * 6000 1 6380 ] 6500 ] 685.
G [] 260 ’ lSOCO.o 0.0 ’ 000 ’ 99.8
Hy 198.2 4y 20C. ¢+ 24646 ¢ 250, 9 29¢.6
T o 388s4 ¢ 40Cs o+ 436, 4 450, o 479.1
J o 567 4 60Ce 4 6lle 4 650, 4 2%0.0
K s 22,0 4 25CC0.y 0.0 v 0.0 y 99,4
L o 196,24 200, o+ 243,1 4 250, o 288.8
M [ 37601 ’ 400. ’ 418.1 * 4500 L 660-
N o 6%0.0
0 18, v 350C0.y 0.0 s 0.0 v 99,
Py 193,4, 20C, 4 23T7.9 , 250, o 280.3
Qs 362, ¢ ©00. o 402, ¢ 450 o 10%0.D
DATA VQCAS2 /
A 16.0 4y 450C0.,y 0.0 v 0.0 v 98.%
By 188.8 +» 200. + 229.8 4 250, o 269.1
€y 340. » 400. , 12#%0.0
0Dy 12.0 , 55CC0.y 0.0 , 0.0 v 97.%
E v 182,6 v 20Cs o 220.5 ¢ 250, o 257.
IF(ALTER +GT ¢ 0o C.AND ,ALTER.L T.55000.0) GO
ALTER=0.0
9 CALL XTRP(TAM, GAMO, 0.0, 3AM)
SATAM = SQRATITAM)
SIGAM = SQRT(GAMO)
A) = 41,427 * SQRT( TAM) * SQRTI(GAMO)
SISIG = SQRT(PAM / (TAM * 4,0793))
Gl T) (10s 20+ 300 %40 504 60y 70) 4 IFSC
10 AM = FSPD
VIK = AM * A() #* ,5925
11 IF(IFSC EQ. 4) GO TO 13
VIKI = VOK * SQSIG
IF(IFSC .Ed. 3) GO TO 14
13 VIM = VOK / 0. E69
IF(IFSC .EQ. S) GO TO 15
14 VIMI = VOKI / (.869
IF(IFSC .EQ. 6 .OR, IFSC .EQ. 7) GO 7O 82
15 CALL XTRP{VOKI, VCASKT, ALTER, VEQCAS)
VCASMP = VCASKY / 0.869
G) T3 80
20 VXK = FSPD
21 AM = VOK * 1,6878 / AOD
Gl 1) 11
30 VIM = FSPD
VK = VOM * 0O, €69
G) 13 21
40 VIKI = FSPD
VIK = VOKI /7 SQSIG
«$sCONTINVING

9¢

- e

- @

98.4
269.1

97.4

257.
3042

250.

100.
300,
500.
100.
100.
300.
500.

100,
320,
500.

100.
300.
100.
300.

100.
3N.

T0 9

150,
3500 L

150.
16%0.0
7.0
500.

149.8
3‘1.8 | ]
542.4 o

14902 ’
341.8
524 o

148.2
33301 ’
498. ,
1570 ’
3210‘ ’
145,
30‘0 ’

141.7 ?

16%0.0 /

145,
304.

l14l.7

500.

0150.

350.
550,

150.
350.
$50.

150.
350,
550,
150.
350.
150.
350.

150.

FLTSPO54
FLTSPOS5S
FLTSPOS56
FLTSPOS7
/FLTSPOS8
FLTSP Q59
FLTSPO6O
FLTSPOG1
FLYSPO62
FLTSPOG63
FLTSPOG64
FLTSPO6S
FLTSPOOGG
FLTSPO6T
FLTSPOGS
FLTSPO69
FLTSPOT0
FLTSPO71
FLTSPOT2
FLTSPOT3
FLTSPOT4
FLTSPOTS
/FLTSPOT6
FLTSPO?7
FLTSPOT8
FLTSPOT79
FLTSPO8BO
FLTSPOBL
FLTSPOB2
FLTSPOB3
FLTSPOB4
FLTSPOBS
FLTISPOBG
FLTSPO87
FLTSPOSS
FLTSPOBY
FLTSPO90
FLTSPO91
FLTSPO92
FLTSPO93
FLYSPO94
FLTSPO9S
FLTSPO96
FLTSPO97
FLTSPO98
FLTSPO99
FLTSP100
FLYSPLO1
FLTSP 102
FLTSP103
FLTSP1O4
FLTSP105
FLTSP 106
FLTSP 107
FLTSPLOS
FLTSP 109
FLTISP110



50

60

70

80

*k%xEND

Gl 1) 21

VIMI = fFSPD

VIK = VOMI *,8€9/5Q516G

6l 1) 21
VCASKT =

CALL XTRP(VCASKT, VOKI
VIK = VOKI 7/ SGSIG

Fspo

» ALTER, VCASEQ)

VCASMP = VCASKT / 0.869

G) 1) 21
VCASMP =

VCASKT = FSPD * 0,869

FSPD

CAL. XTRP(VCASKT, VOKI, ALTER, VCASEQ)

VIK = VOKL /7 SQSIG

Gl 1) 21
RETURN
END

99

FLTSPLL1
FLTSPLL2
FLTSP113
FLTSPL114
FLTSPL1S
FLISPLLG
FLTSPLLY
FLTSPL118
FLTSP119
FLTSP120
FLTSP12]
FLTSPL22
FLTSPL2)3
FLTISP124
FLTSP 125
FLTSP 126



*s¢BEGIN

SUBRIUTINE ITERATIG ¢ Vy XoeN) ITERAQOQO

Xz l.l ITERAOOL

Q= 1.0001 ITERAOO0Z2
WL=SQRTIG)*ATAN(SQAT{1.0/5%{Q**2~-1.0))) ~ATANISQRT (Q#*2~-1.0)) ITERAUO3

I= 0 ITERAQO4

10 I=1+¢1 ITERAQOS
IfFtl. LtE. 200) GO TO 20 ITERADOG
WRITE(699900) ITERAQOT

N=2 1T ERAQOSB
RETURN IT ERAQOS

20 W= SIRT(GI®ATAN(SQAT(1.0/5%(X*%2-1,0))) -ATANISQRYT (X*%2-1,0)) ITERAQLO
IF(ABS{V-H).LT. 0.0001)RETURN ITERAULL

X1= J#(V-WL1)/1w-Wl)*(X-Q) ITERAQL2

Q=X ITERAOL3

X= X1 ITERAOQLA

Wl=wW ITERAQLS

G0 10 10 ITERAOLS

9900 FORMAT(* FAILED TO CONVERGE IN [TERATH) ITERAQLY?
END ITERAOLSB

«kkEND

100



*eeHEG

100

102

104

106

€$*END

IN

SUBRIUTINE 1TRATE{A3P,B83,33P,LOCP)

IF{LJ0P)10041C2,100

A3l=A3

B31=832

A3=A3pP

B32:83-B3P
IF(LOOP)Y104y1C€y104
OVISIR=832-B31

1f (DVISOR.EQ.Ce? GO TO 106
A3P=(R32#A31-B21*A3) /D VI SCR
LIOP=LOUP+]

RETJURN

END

101

ITRYEOOO
ITRTEQO1
sTRTEOO2
ITRTEOO3
ITRTEQO4
ITRTEOQOS
ITRTEOOQ6
ITRTEOO7
ITRTEOOS
ITRTEOQO9
ITRTEQLO
ITRVEOLL
ITRTEOLZ



*E2BEGIN

10

23

26

C oo
28

|

SUBRIUTINE ITRATI(X¢GoXMINg XMAX 9 NUMI TyNSIGX oNSIGF s KONV)

F=6

IF(KONV NE. C) GO

INITIAL ENTRY

XAVE = (XMAX + XMIN) / 2.EO

IF( (XMAX = X) # (X - XMIN)

X = XAVE

G) T 70

KONV = 1

LIOP = 0

FLEAST = 1.E6C

XS = X

FS = F

LIMITS = O

NUMIT2 = NUMIT/2

XMNN = XMIN

XMXX = XMAX

DABSF = A3S(F)

IF(DABSF .GT.

SAVE BEST VALUE

SAVX = X

FLEAST = F

TRY TO DECEASE INTERVAL OF APPROXIMATION

IF(. IMITS .EQ. 1) 50 TO 25

IF(F$FS .GT. C.E0) GO TO 28

LIMITS =

IF(X. +GT4 XS)

XNV = X

XXX = XS

FUNV = F

F4XX = FS

G) TI 28

XNV = XS

XAXX = X

FANV = FS

FUXX = F

G) T) 28

[F (F&« FMNN

XUNY = X

FANN = F

FAXX = FMXX/2.E0

GO T) 28

XXX = X

FAXX = F

FANV = FMNN/2.E0Q

TEST FOR CONVERGEN:E

C = ABS(XMNN)

IFIC «EQ. 0.EC) C = 1.EO

IF( ( ABS(XMXX - XMNN)} / C oLT.
LTe 5.E-181.EL®*(=NSIGF) )

IF(LI0P .GT. C) GO TO 30

T0o 20

ABS(FLEAST)) GO TO 22

GO 1) 23

oLT. 0.€0) GO TO 26

«OR. DABSF

C eoo PERTURDB INITIAL GUESS

X = X¢ SIGN(1.E-2%X,y XAVE-X)
IF{X .EQe XS) X = ( XAVE+XMIN) /2.E0

¢¢«CONTINJUING

102

SeE-1%l.EL**(-NSIGX)

otQ.

«GE. 0.€0 ) GO YO 10

«AND,
0.E0 ) GO YO 80

DABS F

ITRTI000
ITRTIOOL
ITRTI002
ITRTI003
ITRTI004
ITRTIO0S
ITRT1006
ITRTI007
{TRTIO08
ITRTI009
ITRTIOLO
ITRTIOLL
iTRTIOL12
ITRTIO13
ITRTIOL4
ITRTIOLS
[TRTIO16
ITRTIOL7
ITRTIO18
ITRTIOL9
ITRTI020
ITRT1021
ITRTI022
ITRTI023
ITRTI024
ITRT102S
ITRT1026
ITRT1027
{TRT1028
ITRTI029
ITRTIO30
ITRTIQ31
ITRT1032
ITRTI033
ITRT1034
{TRTI035
ITRTIO036
ITRTIO37?
ITRT1038
ITRTI039
ITRTI040
ITRT1041
ITRTIQ42
{TRTI043
ITRTI044
ITRT1045
ITRTI046
ITRTI047
ITRT1048
ITRT[049
ITRT1050
ITRTIOS]
ITRT{0S52
ITRTI053



G) 1] 60 (TRTI054

C eoe TEST FOR NINCONVERGENCE ITRTIO5S

30 IF(LI0P LEQ. NUMIT) GO Tn 90 ITRT1056

C «es REGJLA FALSIH [TRTIOS7

IFCCIMITS (NF, 1 ,ORe LOOP .LE. NUMIT2) GO TO 50 ITRTI058

X = (FMNN®XMXX = FMXX®#XMNN) /{ FMNN - FMXX) ITRT1059

IF{ ABSIFMNN) «GT. L.EL ANDs ABSIFMXX) .GT. leFl +AND, ITRT1060

1 ARSUFMNN-FNXX)/AMINL( ABSUFMNN),y ABS(FMXX)) «GT. Ll.E2) ITRT1061

2 X = {(XMXX+XMNN) / 2.EOQ ITRTIOQ62

G3 1) 65 ITRTI063

50 olv = F-FS ITRT1064

IFIDIV +EQ. 0.EQ) DIV = 1.EO ITRTIO065

X1 = {F&XS-FS*X)/DIV ITRTI066

XS = X ITRTIO067

FS = F ITRTI068

X = X1 ITRT 1069

C eee TEST FOR OUT OF RANGE ITRTIOT0

60 IF(X «LE. XMNN) X = (XS¢XMNN)/2.E0 ITRTIOT1

IF(X +GE. XMXX) X = {XS¢XMxX)/2.€E0 ITRTIOT2

C oo, INCREASE ITERATION COUNTER ITRT1073

65 LJ0P = LO0OPe] ITRTIO74

C eee RETURN ITRTIO7S

70 RETURN I[TRTIO76

C eee CINVERGENCE ITRTIO77

80 KINV = 2 ITRTIOT78

Gl T3 70 [TRY1079

C oee NINCONVERGENCE ITRT1080

90 KINV = 3 ITRTI081

IF(.IMITS .EQ. 1) 50 TO TO ITRT1082

X = SAVX ITRT108)3

G = FLEAST ITRTI084

G) T2 70 ITRTIO08S

END ITRTIO086
«&&FND

103



***BEGIN

SUBIJUTINE TTRATA(N ¢ XoF o XMINyXMAXGEPS NUMIT KONV
DIMENSION A(15415)9BU15915) oCUL5915)9D(14)sS(1414P(14),
1 XUONDoFINIoDSUL4) o XSU14) oF SUL@) o TSULS) oXMININ) o X MAX (N) o
2 E2SINDIGULSs15)eELL15,150,Q(15415)4RILS,15),
3 DF(14)
FINC(ALeBLsCLloM) = AMINL((BL-AL) ,{AL-CL)}/M
IF (<KONV ,GE. 1) GD TO 25
C « INITIALIZATION
KPT = 1
LICAL =0
KUT = 2
ONN = -1.E60
D) 6 J=1yN
DNN = AMAXL{DNNy A3IS(ALOGLO(EPS(JI))e]l,F-2)
DF{J) = 1.E1
6 D (J) = 0.0
NN = N+4DNN+S
NNN = NUMIT/NN+]
KINV = ]
ST = 1.E70
NLl= N+l
7 JJJ=0
L =0
8 D) 10 J=lyN1
10 AlJsl) = 1.E0

KOMPUTY = O

K=0

PHIN = ].ET0

D) 15 J=1,N

0stJ) = D(J)

otd) = Xtyg)

S(J) = FUNCEXEJ) o XMAX(J) 9 XMINLJ) o KPT*{NN=-N))

PlJ) = AMINLCLIEO* ABSIX(JNIeloE~-dy SUJI/(LO*KPT) ) *
1 SIGN(1.EQy DISN-DS( N
IF( ABSIP(J)) GT. PMIN) GO TO 15
PUIN = ABS(P(J))
15 CONTINUF
DETMIN = L.F-G#AMINL(L.EOQ,P MIN®%N)
C « CONVFRGENCE TEST
25 N3 35 J=1,N
IF({ ABS(F(J)) GT. EPS(JI)) GO TO 40
35 CINT INUE
C . CONVERGENCE

KINV=2

Gl T] 440
C « COMPUTE CONVERGENCE FUNCTION
40 120.E0

D) 42 J=1.N

42 T=T+ ABS(F(J))
C « SAVE BEST VALUE
IFIT oGE, ST} GO TO 46
IF(L +GT. 0) L=L-1
IF(LIJCAL .EQ. C) L=0
ST = ¢

«&*CONTINJING
104

ITRTAQ000
ITRTAQQI
ITRTAQO2
ITRTAOO03
ITRTAQO04
ITRTAQ05
ITRTAQO6
ITRTAQO7
ITRTAQOS8
ITRTAQO9
ITRTAQ}O
ITRTAOQOLL
ITRTAQL2
ITRTAQL3
ITRTAOQLS
ITRTAOLS
ITRTAQL16
ITRTAOL?
ITRTAQLSB
ITRTAOLS
ITRTAOZ20
ITRTAQ21
ITRTAQ22
ITkTAQR23
ITRTAD24
ITKTAO025
ITRTAO26
ITRTAO27
ITRTAOZ28
ITRTAQ29
ITRTAOQ30
ITRTAQ3]
ITRTAQ32
ITRTAO33
ITRTAO34
ITRTAQD35
{TRTAQ36
ITRTAO37
ITRTAQ38
ITRTAOQ3D
ITRTAQ40
ITRTAQ4]
ITRTAQ42
ITRTAQ43
ITRTAQ44
ITRTAQ4S
ITRTAO46
ITRTAQG7
ITRTAQ48
ITRTAQ49
ITRTAOS0
ITRTAQS1
ITRTAOS52
ITRTAQS3



%4

46

47

48
C .
4«9

C .
50

60

65

85

C .

94

95

C .
98

D) 44 J=1N

XS(J) = X(J)

FSUJ) = F(J)

IFILICAL EQ. 1) GO TO 44

S(J) = FUNC(X(J);XMAX(J’oXMlN(JloNN‘JJJ)
CINTINUE

TEST FIR DISCONTINUITY

IF(CUT EQ. &) GO TO 49

NI 48 J=1,N

FIX{J) EJs XSLJDH) GO TO 68

OFJ = 0.F0

D) 47 1 = 1, N

NFJ = AMAXLIDFJy, ABS{(F(II-FS(I))/ZIXLI)=-XS(JD)))
IF(CIMPUT EQ. O) DFLJ) = AMAXL(DFJ, DF(J))
IFIDFJ JLEe 1.E2%DF{J)) GO TO 48

LICAL = ]

KUT = 4

G) T) 49

CINTINUE

JJJ CIUNTS THE NULMBER OF ITERATIONS

JJJ = JJdJel
1F (JJJ-NN) 50,94, 9%

RFPLACE WORST POINT

IF(CIMPUT LEQ. Q) GU TO 100
TT= 0.EOQ

DY 65 J=1yN1

IF(TSUI)-TT) £5,65,60

TT= TS(J)

MAX W= J

CINT INUE

AIMAXROW,1) = 1.FO

D) 85 J=1,4N

A(MAXROWsJ#1) = FLJIN/ZEPSLY)
BIMAXROW,J) = X{(J)
TS{MAXROW)= T

G) 1) 135

STOE BEST VALUE

D) 95 JT=].N

FLJT) = FS(JT)

XtJ1) = XS(JT)

KPT = KPTe¢]

IF(CPT GToe NNN/2) LOCAL=1
IF(<PT L,GT, NNN) GO TO 98
G) 7.7

NONCONVERGENCE

KINV = 3
G) 1) 440

C o« BUILD MATRIX OF PNINTS

100

115

120
125

K=Ke¢]

02 115 J=14N

AlKyJe¢l) = FLIN/EPSTL Y)Y
BiKed) = XUJ)

TS(C)= T

IF (<-N) 120,120,130
X{K) = X{K)eP{K)
IF(<-1) 440,44(,125
X{x-1}) = D(K-1)

sssCONTINUVING 105

ITRTAOS54
ITRTAO55
ITRTAOS6
ITRTAOQS7
ITRTAQS58
ITRTAOQ59
ITRTAQ60
ITRTAOS61
ITRTAQ62
ITRTAQ63
ITRTAO64
ITPTAOQ6S
ITRTAQbG
ITRTAQGT
ITRTAOGS
ITRTAO69
ITRTAQT0
ITRTAQ71
ITRTAQT2
ITRTAO73
ITRTAU74
ITRTAQTS
ITRTAOQT6
ITRTAQT?
ITRTAOT78
ITRTAOT79
1TRTAQB0
ITRTAOB1
ITRTAQB2
ITRTAQ83
ITRTAOB4
ITRTAQBS
ITRTAQ86
ITRTAQ87
ITRTAQSS
ITRTAO8B9
ITRTAOQ90
{TRTAQ91
ITRTAQ92
ITRTAQ93
ITRTAO94
ITRTAO95
ITRTAV9G
ITRTAO97
ITRTAQ98
ITRTAQ99
ITRTA100
ITRTAL101
ITRTA102
ITRTAL103
ITRTALO4
ITRTAL0S
ITRTALO06
ITRTAL107
ITRTALlO8
ITRTA109
ITRTALLO



v 28

Gl T) 440

C o« SOLVE L INEAR SYSTEM

130
135

140

200

210

230

250

260
270
275
280

290
300

310
340

350

X {¢<-1) = D(K-1)
KIMPUT = ]

D) 140 1 = 1,N1
G(IsNL1) = ALT,N1)
QlIsN1) = 1.EQ

D) 140 J = 1N
Qilyd) = B(I14J)

G (Iyd) = A(I,4)
D] 210 [1=1,4N1

0) 200 Jl=14N1
R{TLseJ1) = 0.EC
E(IlyJ1) = O.EC

D) 210 K1l=1,N
CiIlyK1l) = O.EC

D) 230 J2=2,4N1

03 230 [2s14N1
RUJ2942-1) = R(J24J2-1) ¢ QlI2,J2) %82
E(J20Jd2-1) = E(J29d2-1) ¢ 5(124J2)%%2
D] 340 K3=1,N1

D) 300 J3=K3,Nl

D) 250 13=1,N1

R(K3sJ3) = R(K3,J3) ¢ Q(13,K3)%Q(13,J3)
E{(K3yJ3) = E(K2,J3) ¢ GII3+sK3)*G([3,J3)

IF (K3 - J3) 2€0+4260+260
IF (¢3 - 1) 3(C,300,270

IF (1eE-14%FIK3yK3-1)-L.EL&SE(K3 yKI)) 275+340,340
IF(14E-14%A(KIK3-L)-1.,EL4%R(K3I yK3)) 300, 34D, 340

IF (E(K3,K3) JLT. L.E-60) 30 TO 340
IFIA(K3,K3) +LT, L.E-60) GO TO 340
E(K3,J3) = E(KI,J3)/E(K3I,K3)
R{K3,J3) = R{K3,J3)/R{K3I,K3)

D) 290 l4=1,N1

Qll&ed3) = QUI4yJ3) - Q(14,K3)*R(KI,J3)
G{leyJ3) = GlI14yJ3) ~ G(I4eKI)*E(KI,J3)

CINT INUE
D) 340 J5=1,N
D) 310 [5=1,4N1

ClK3eJS) = CUK2445) ¢ GUIS,K31#B(154J5)/E(KI,K3)

CINTINVE

D) 350 [7=24N1
IT = N1lel-17

JT =2 IT ¢+ 1

D3 350 J7=1,N
D) 350 K7=JTyNIl

CUIToJT) = CUITWIT) = E(IToKTISCUKT o JT)

C o DETERMINE IF MATRIX [S SINGULAR

360

370

DET = 1.EO

DET1 = 1.EO

D) 360 JMT=1,Nl

DET = DET* ABSI(E(JMT,JMT))
DETL = DET1l#* ABSIR{JMT,JMT))

IF(DETL .GT, DETMIN®$2 AN). DET .GT. L.E-20)

D) 370 J4=1loN
XtJ) = XStJ)
FlJ) = FSLJ)

seeCONTINVING 10€

GO 70 380

ITRTALLL
ITRTALLZ
ITRTALL]3
ITRTALlS
ITRTALLS
ITRTALLG
ITRTALLY
ITRTALLS
ITRTALL9
ITRTAL20
ITRTALZ21
ITRTAL22
ITRTAL23
ITRTAL124
ITRTAL125
ITRTALZ26
ITRTAL27
ITRTA128
ITRTALZ9
ITRTAL30
ITRTAL3]
ITRTAL32
ITRTA13)
ITRTAL134
ITRTA135
ITRTAL36
ITRTA137
ITRTAL38
ITRTAL139
[TRTAL140
ITRTAL4L
ITRTAL42
ITRTALl4)
ITRTAL144
ITRTA 145
ITRTAL46
ITRTAL4?
ITRTAL48
ITRTAL49
{TRTAL1S50
ITRTALSI
ITRTALS2
ITRTALS)
ITRTA154
ITRTAL1SS
ITRTALS56
ITRTALS?
ITRTAL58
ITRTALS9
ITRTAL69Q
ITRTALG]
ITRTAL62
ITRTAL163
ITRTALG4
ITRTAL65
ITRTAL66
ITRTAL167



C o TESY PREDICTIONS FROM MATRIX SOLUTION TO KEEP WITHIN BOJINDS

380

420

430
%40

Ex%END

G) Ty 8

L =L¢l

D) 430 J=14N

Xt4) =
{FILICAL

IF{(XJ)
IF(Xt4)
CINT INUE
RETURN
END

C) GO TO 420
STE? = SUJI/KUT**(L-1)

(FC ABSIX(J)=-XStIN)
G) 7)) 430

XMINGID) XUEJV=XSUI)-L=S(J)
XMAX(JD) XEJ)I=XSE IV eL*S(J)

107

ITRTAL68
ITRTAL69
ITRTALTO
ITRTALT]
ITRTALT2
ITRTALT73
ITRTALT4

oG Te STEP) XUJ) = XS(J)¢ SIGNISTEP X (JI-XSULJIIITRTALTS

ITRTAL76
ITRTALTT
ITRTAL78
ITRTALT9
ITRTAL80
ITRTALB]



*¢¢BEGIN

5

101

10

102
106
103
20

104

SUBRIUTINE LSTDAT( NTAPE )

DIMENSINN CARD(20)
INTEGER CARD,ENDIL
DATA END1/*END */

DATA NE WP/ &NEWP %/

J=NTAPE
REWIND J
LINE =0
WRITE (64101)

FIRYAT (11HLINPUT DATA/144 CARD COLUMNS ,
L 40H123456789(123456789012345678901234557890,
2 40H123456789(123456789012364567890123455789071H))

READ (54106) CARD

[F (CARDI(1).EQ.ENDL)
IF {CARD( L) cEQ.NEWP
WRITE (Jy106) CARD
WAITE (6,103) CARD
LINE=L INF¢]

IF (LINE=-55) 1(y5,5
FIRVMAT { IH1)

FIRYAT (20A4)

FIRMAT (14Xy2CA4)
WRITE(Jy LO6)ICARD
WRITE(6y103)CARD
WAITE (6,104)

REWIND J

FIRYMAT { 9HOEND DATA)
RETURN

END

£4END

GO 10 20
) GO TG 5

108

LSTDATOL
LSTDATO2
LSTOATO3
LSTDATO4
LSTDATOS
LSTDATO6
LSTDATO?
LSTODATOB
LSTDATO9
LSTDATI1O
LSTDAT11
LSTOAT12
LSTDAT13
LSTDAT 14
LSTOAT1S
LSTDAT16
LSTDATL?
LSTDAT18
LSTDAT1S
LSTDAT20
LSTDATZ2]
LSTDAT22
LSTDAT23
LSTDATZ24
LSTDATZ2S
LSTDAT26
LSTDAT27
LSTDATZ28
LSTDAT29



CReREGIN

SUBRIUTINE NOZPLG(AT,AEATXE ¢ THE TAD+APB ¢GAMMA o PTNPP ¢ CONy CT 4 FLAG,
1 NOZERR yTINyCSeyQMIDEL ¢MOS TID o XMUM)ATMIN g ATMAX o X MEXIT )
MO, K1DCL3,KLDCS3,KICVLY ¢KLCVS3

REAL

DIMENSION K1CVL3IT1)
DIMENSION KLIDCL3(T1)
DATA K1DCL3 /

—TOMMOOMODD>»

DATA KLINCS3 /

FRXaemIOMMQoO®© P>

DAT/

m_-ITOTTOOE >

DATA KICVS3 /

FRGCmITOMTMOOT>

20.0
«006,
«02y
204
00069
«02,y
2000
002'
«036.

200'
0006'
002'
20.'
00060
«02¢
2049
«006,
0029
20.'
«006,
02,

KICvL3 /

200
oOlZ'
e 024,
200
012,
« 024,
2049
«008,
0026,

206
0006'
02y
2040
0006'
«02,
20-0
«006,
002'
204
«006,
«02,

NOZERR= 0

FL AG=

4.0

cTin = 1.

¢ssCONTINUING

59
00'
’00230
‘0015'
o6y
‘00230
'oOlSv 002~0
090 00.
‘00285000240
-«036y 038y
5.' 10'
000 00'
“00239 0008'
-+0184 .024,
06' 00'
-.023, ,008,
‘00189 00260
08’ 00'
‘0049590008'
-0027' 002‘0
090 00!
-.055, .008,
‘0041' 0024'
S5e0 ley
00' 00!
’00008'00[6!
‘0001600026'
obo Ocs
‘00008000160
‘00016'0026'
099 000
'-0007'0012'
‘00053'0032'
50' l"
009 o.'
'0000400008'
~e002144024,
06' 000
-« 0004,.008,
‘00021000240
08' 000
0007, .008,
-.003v 002"
09' o.'
+0019, .008,
‘000320002"

loy
0-9
0010
oOZ‘O
0.'
« 01,y

s KICVS3(93)
v K102 S3(93)

Os e

-e 017,
‘002'

‘0019'
'0017'
-002' .01'0.
-«019, 028,
‘00295c001'

°o°29' 0028'
'0039l 00"

10 JO 22. 9

‘o°3~' 00020
-+021y 012,
-+ 019y .03,

’0034'_0002'
-« 021y 4012,
-.019y .03,

--075. 00020
~e 0445,.012,
‘0025' 003'

=104y 002,
-0050 0012'
“-039' 003'

000 2200

00' 0006'
-« 001y .02

-+0018,y.028,
O o ¢« 004,
'oOOlQ 002'

-.0018..028.
O s «004&,
°00°Z3000l6'
-e 0064y «04,

001 220'

Oe o «002,
-+ 00064.012,
‘0002600028'
[+ Y +002,
-00006Io°l20
-¢00264+.028
0.' 0002’
000030 00121
-0004100028'
Oo' 00020
0011, 012,
-+ 0045,.028,

224

0002'
001"
0028'
0002'

109

‘0000200008'
-030‘3000220
‘0001"
=.0002,.008,
“ed013+.022,»
‘00019'
«J203, .006,
'030350-020
~«J065 /
40'

=¢J001 4,004,
'0001100016'
'00033'
-.JOOI;-OObo
‘00011000160
-+0030,
«304, .004,
'03008'0016'
=e 0052
«0009, 004,
°.°°05'0°l6'
-+0057 /

’.064'
~e043,

’000050
‘00015!

=+0005,
-+0015,

00002’

-00066'
‘000020
’00016'

-+0002,
’00016!

<0006y
'00019'

00015!
‘00019'

NOZPL 000
NOZPLOOL
NOZPL 002
NOZPLOO3
NOZPL 004
NDZPL 005
NOZPLOQO6
NOZPLOO7
NO ZPLOOS
NO ZPL 009
NOZPLO1O
NOZPLOL]
NOZPLOL2
NOZPLOL3
NOZPLO14
NOZPLOLS
NOZPLOLG
NOZPLOLT
NOZPLOLS8
NOZPLO19
NOZPL 020
NOZPLO21
NOZPLO22
NOZPLO23
NOZPLO24
NOZPL 025
NOZPLO26
NOZPLO27
NOZPLOZ28
NOZPLO29
NOZPL O30
NOZPLO31
NDZPLO32
NOZPLOI3
NOZPLO34
NOZPL O35
NOZPLO36
NOZPLO37
NOZPLO38
NOZPLO39
NOZPL 040
NOZPLO4I
NOZPL 042
NOZPL 043
NOZPLO44
NOZPL 045
NOZPL 046
NOZPL 04?7
NOZPL 048
NOZPL 049
NOZPLOSO
NOZPL OS]
NOZPL 052
NOZPLOS53



10

20

30

35

40

50

GAMBI =2 {GAMMA+1,0)/(GAMMA-1.,0)

GAM3A= 1.0/GAMBO

GAM]1 = GAMMA-1.0

GAPl = GAMMA+]1.0

PRCRIT = (GAP1/2,)%*{GAMMA/GAML)

IF(PTNPP (GT. PRCRITIGO TO 10

NOZERR= 1]

WRITE(649915)

G) T) 9

THETAP= THETAD*0.0174533

RCOS1= COS{ THETAP)

RCOS2= COS( THE TAP )¢%2

RE= SQRTIAPB/3.141592)

Rls RE+ TAN( THETAP) *XE

AE= AEAT#AT

RS={1*RCOS1*{ 1.0-3COS2) +SQRT{R]L *#2*RCOS2+AE/I. 141592
*RCIS1*( 2.C-RCNS2)))/(RCOSL*({2,0-RC0OS2))

RT= RS-RCOS2%(RS-R1) .

XT= (R1-RT)/SIN(THE TAP)

Sz {RS-RT)/RCOE]

CS= RCOS!

1IF(IMODEL ,GE, 2.)CS=CS-.007

THETAR=~-THE TAP

AME=x 11,0001

AEASK= 1,0

IF{AEAT EJ.1.C) GO TO %0

ABE= 0.9

AME= 1.0

ICOUNT= 0

AEAP= AEAT/CON

ICOUNT=ICOUNT+1

IF(ICOUNT.LE., 200) GO 10 30

WRITE(699900)

NOZERR= ]

RETURN

NOZPL 054
NOZPL 055
NOZPL 056
NOZPLO0S7
NOZPL 058
NOZPL 059
NOZPL 060
NOZPLO61
NO ZPL 062
NOZPL 063
NOZPL 064
NOZPL 065
NOZPL 066
NOZPL 067
NOZPL 068
NOZPL 069
NOZPLOTO
NOZPLO71
NOZPLOT2
NOZPLO73
NOZPLOT4
NOZPLOTS
NOZPLOT6
NOZPLOT7
NOZPLO78
NOZPL 079
NOZPL 080
NOZPL 081
NOZPL 082
NOZPL 083
NOZPL 084
NOZPL 085
NOZPL 086
NOZPL 087
NOZPL 088

AEASK=1.0/AME*({2.0/GAPL*(1 .0¢GAML/2.0*AME*%2) ) **(GAPL/ (2.*GAML )) INOZPLOBY

IF(ABS(AEAP-AEASK).LT. 0.001) GO TO 50
IF(AEAP-AEASK ) 35,35,40

AMEz ABE¢(AEAP-ASSE)/IAEASK~-ASSE ) 4(AME-ABE)
G) 1) 20

ASSE= AFASK

ABE= AME

AMEs AME¢Q. 1

G) TJ 20

PEPTN= (l.0¢GAML/2, O*AME #%2 ) $3{ ~-GAMMA/GAM] )
FSAAx PEPTN®AEASK®( | o 0¢GAMMA *AME %2 )
PTPINV= 1.0/PTNPP

XMOM = PEPTNSAEASKEGAMMASAME *#2 ¢PTPI NVEAT &CDN
XMEXIT = AME

FIPTA= GAMMA®SQRT(2.0/GAML#(2.0/GAPL) **GAMBO*(1.I-PTPINV #¢
1 (GAML1/GAMMA ) })

TID = FIPTA

CTE= (CS*FSAA-PTPINV*AEASK) /FIPTA

IF(AEASK.EQe 1.0) CTE= CTE+ PTPINV*{1.0/CON-1,0)/FIPTA
IF(M0 LT, 1.)G0 TJ 95

A=R1

Bs -~TAN(THETAP)

«ssCONTINJING 110

NOZPL 090
NOZPLO91
NOZPL 092
NOZPLO93
NOZPL 094
NO ZPL 095
NDZPLO96
NOZPLO97
NOZPL 098
NOZPL 099
NOZPL 100
NOZPL1OL
NOZPL 102
NOZPL 103
NOZPL 104
NOZPL 105
NOZPL 106
NOZPL 107
NOZPL 108
NG ZPL 109
NOZPL 110



VE=SQRT{GAMBO ) PATAN( SQRT(1. 0/GAMBO*(AME**2-1,0)) ) -ATAN(SQRT ( NOZPL LLL

1 AME*+2-1.C)) NOZPL112
AMEXP= SQRT(2,C/GAML*(PTNPP **{GAML/GAMMA)} =1,0)) NOZPLLL3
AMVEXP= SQAT(GAMBN) *ATAN(SQRT(GAMBA®(AMEX P*#2~-1,0) ) )-AT ANISQRT ( NOZPL 114
1 AME XP #%2-1,0)) HozZpPL LS
AJEXP= ATAN(1.C/SQR T(AMEXP*#%2~1,0)) NOZPLIL6
THEXP= THETAR ¢+AMVE XP-VE~-AUE XP NOZPL1LT
THMAX= ATAN((RE-RS) /XE) NOZPL 118
IF{THEXP (LE, THMAX)} GO TO 60 NOZPL 119
THEXP= THMAX NOZPL 120
RMAX= SQRT{GAMBO*TAN{SQRT(1.,0/GAMBO) *{THEXP-THETAR+VE®L1,570796) )*=NOZPL 121
12 +1.0) NOZPL 122
AMVEXP= SQRT(GAMBO) *ATANISQRT(1.0/GAMBO*(RMAX®*2~],0)))~ NOZPL 123
1 ATAN(SQRT{RMA Xx*%2-1,0)) NOZPL 124
60 BB= TAN(THEXP) NDZPL 125
AA= S NOZPL 126
XI=-{A~AA})/{B-BB) NOZPL 12T
RI= A+B%xXI NOZPL 128
P1PTN= PEPTN NOZPL 129
RS1l= RY NOZPL 130
NUMs { AMVEXP-VE )/.0L 74533 NOZPL 131
IFINUM LT, 5) NUM=S NOZPL 132
RUM= NUM NOZPL 133
CTD= 0.0 NOZPL 134
PSPTN= 0,0 NOZPL 135
D) 80 J=1,NUM NOZPL 136
Q= ) NOZPL 137
VL= VE+ Q/RUM #*{AMVEXP-VE) NOZPL 138
CALL ITERAT{GAMBOsVL ¢AML 4NOZERR) NOZPL 139
IFINDZERR.EQ.Q)GO TO 65 NOZPL 140
WRITE( 69 9905) NOZPL 141
G) 1) 90 NOZPL L42
65 AUL= ATAN(L.Q/SQRT{AML*%2-1,0)) NOZPL 143
THETL= THETAR ¢ VL-VE-AUL NOZPL L44
88= TAN(THETL) NOZPL 145
AA= RS NO ZPL 146
XLz-(A-AA)/1B~-B8) NOZPL 147
RiL= A+B®xL NOZPL 148
VC= 2,0%VL NOZPL 149
CALL ITERAT(GAMBN.VC ¢ XMC yNOZERR) NOZPL 150
IFINJZERR.EQ.Q0)GO TO 70 NOZPL 151
WRITE( 6y 9905) NOZPL 152
GJ T2 90 NOZPL 153
70 PCPTN= (1.0¢GAML/2.0%XMC #42) **(-GAMMA/GAM]) NOZPL 154
CT0x CTD¢1.0/FIPTA*(Q.5*(PLPTN¢PCPTN)~PTPINVI®(RSL**2-RL**2) NO ZPL 155
1 €3,.141592/(CON%AT) NOZPL 156
RSl= RL NOZPL 157
PLPTN= PCPTN NOZPL 158
IF(XL.EQ. XE) PSPTIN= PCPTN NO ZPL 159
80 CINTINUE NOZPL 160
PBPTN= 4,312/PTNPP**],975 NDZPL LGL
PBlPTN= 0,517%PSPTNe¢ .0,0046 NOZPL 162
PB2PTN=PTPINV NOZPL 163
IF{2BPIN.GI. PB2PTN) PBPTN= PB2PTIN NO ZPL 164
IF(2BLPTN.GT. PBPTN) PBPTN= PBLPTN NO ZPL 165
CTBD= (PBPTN-PTPINV)®APB/(CONSATSFIPTA) NOZPL 166
IF (PEPTN GT, PTPINV) CTIN = (FSAA-PTPINVE®AEASK)/FIPTA+CTDeCTBD NOZPL 167
se¢CONTINUING 111



90
35

9900
9905
9915

*&XEND

Cr= CTE+CTD+CTBD

RETURN

CALL XTRP(Ll.-CTID DELDLyMOyKICVL3)
CALL XTRP(1.~CTIDyDELDSyMOyKICVS3)
CALL XTRP(1.-CTID+DELCLMO,KIDCL3)
CALL XTRP(1.~CTID¢DELCSyMO,KIDCS3)

DELD = DELDS+(AT-ATMIN)*(DFLOL-DELDS)/(ATMAX~ATMIN)
DELC = DELCS+(AT-ATMIN) *(DELCL-DELCS)/(ATMAX-ATMIN)
CT = DELD ¢ DELC + CTID

G) 13 90

FIRMAT{* NOZZLE EXIT MACH NUMBER I TERATION FAILED*)
ITERATION FAILED AT LOCAL EXPANSION ANGLE®)
FIRMAT{* NIZPLG--PLUG NOZZLE MUST BE CHOKED%*)

FIRMAT(* NOZPLG--MACH

END

112

NOZPL 168
NOZPL 169
NOZPL 170
NOZPL LITIL
NOZPLL1T2
NOZPL 173
NOZPL1T4
NOZPL LTS5
NOZPLLT6
NOZPL L1T?
NOZPL 178
NOZPL LT79
NG ZPL 180
NOZPL 181



*eeBEGIN

SUBROUTINE NOZZLE(AT,ATFLOW,AEAT yGAMMA,PTTPFS,QMODEL ¢NT FLo CDNy CT4NOZZL 000
o TID9C Sy XMOM, L TIO A 9 XMEXIT)

1 FLAGyNOZERR

DIMENSION FIGB1A(157), FIGBLB(40)
FIGLLIA(LIST)
EQUIVALFENCE (FIGLIALL),FIGLL(LY),

DIMENS ION

o FIGBLILOT)
v FIGI1BLL12)
(FIGLLB(L),FIGRL(158)),

1 (FIGBIA(L),FIGBL(L))y (FISBLB(1),FIGBLILSB))

OATA FIGI1lA /
14.,
le3y
000
l4s
1e2y
Oey
20,0
1¢3,
105'
2249
ley
1s64
220'
lol’
1050
2249
lol'
1e5,
22419

DATA FIGL1A
lol'
1e59
224
lely
1:59
22¢ 9
1.2,
leby
2240
1.3,
1070
22.'
1.3y
le7,y

DATA FIGBLlA /
220'
le2s
1.8,
2249
lely
108'
220.
l.Zo
1080
2269
1.2y
108'

NDVOVODZEFZXeaemIIDOInNMOOmP>

Z E R mTONMNMIO DD

FRXe—=TOTTMO D>

ss&CONTINUING

Sev
Ue e
«997,
00'
2e
«997,
Oey
beo

« 997,
« 996
6.0

« 997,
«996,
Be
«9955,
« 996,
104y
«993,
«992,
124,

.9915v
«9865,
1.y
990,
0981'
léeo
«9815,
«9753,
1849
0973.
e 968,
20.'

« 970,
096180
Yo
00'
0004'
« 026,
3.9
0004'
026,
Sev
00070
00379
1.5'
001’
057,

lo'
1.025,
le4,

[ 190
10025'
1.25'
Qe
1.025,
1.33,
1061
1025,
1050
le 7o
1.025,
le2y
le6y
lo 025 ’
1.2y
106'
1,025,

‘02'
1.6’
loOZSO
1.2
leb6y
10025'
1.3'
1070
1.025,
1.‘0
1.8
10025'
lo"
1.8
leo
1.0y
103'
26294
100'
le3,
2.2'
1.0y
1.3,
202'
1.0y
le3,
242,

00'
.997'
«997,
00!
0997'
« 996,
Oe o
«997,
«997,
-9952'
997,
997,
e9945,
.997'
9945,
09965'
0991'
09910
« 9925,
997,

«9875,
«9875,
«997,
¢« 9835,
.98120
«997,
978,
.9156’
«997,
.971'
.968.
¢991|
0966'
«9615,
Oe
Oe s
0008'
N L
000
«008,
004,
Oy
«0ll,
0057'
Os o
.0‘6’
086,

113

244
leloe
1.5,
0.
lol'
103!
00'
l.1l,
1.33,
1.63,
lol'
1-56'
1.8
1.06,

‘163

| Y I
1,065,
1.3'
1.8y
10032'

1030
1.80
lc0320
1.3,
1.8,
1.025,
lebo
le8y
lol'
leSy
1«9
lol'
105'
l.q'
2%y
1.05,
lety
3.0
1005'
ley
3.00
1005'
lo"
3.0
1.059
lo"
300'

llo'
.997'
0997,
00'
0997'
995,
Qe
«997,
«997,
.995'
997,
997,
0993'
«997,
«995,
«996,
997,
«991,
.99’5'
«997,

986,
«389,
0991'
«9815,
0982'
«997,
«976,
0976'
«986,
«969,
«9685,
9845,
«963,
096l2'
8.'
03010
oJllO
«062,
00010
oall'
0062'
03020
0315'
0090
00025'
0024'
136,

1020
1 .56,
Oer
le2y
le3y
0.!
1020
lo“'
Oes
l.2,
1056'
2.0
1.06,
| T
2000
1045,
lo‘i
2.0'
1.032,

lo“'
2.0'
1.032,
104'
200'
lely
1.5.
240y
102'
| Y T
240
l.ZO
1.6y
2-0'

lely
le6y
3.8y
lely
lob'
3.8'
lels
lob'
3.8y
1.1y
l.b'
3.8y

v FIGLL(269)

0997'
997,
Oer

«997,
« 995,
00!

«997,
9965,
Qoo

«997,
«997,
09928'
.991.
.99550
0994’
0997,
«9915,
«994,
«997/

09862,
0990.
«997,
«981,
9835,
<988,
0915'
«977,
09780
«968,
«969,
976,
096220
«9612 /

002,
<019,
« 076,
0002'
<019,
00760
004,
.0260
olly

00050
-041'
«164,

NOZZLOOL
NOZZL002
NOZ2L 003
NOZZLOO4
NO ZZL 005
NO Z2ZL 006
NOZZL 007
NOZZL 008
NOZ 2L 009
NDZZLOLO
NOZZLOll
NOZZLO1Z
NO ZZLO13
NOZ2ZLOl4
NOZZLO15
NOZZLOLl6
NOZZLOL7
NOZZLOL18
NOZZLO19
NOZZL020
NOZZLOZ21
NOZZL 022
NOZZL 023
NOZZL 024
NDZZL 025
NOZZLO26
NOZzLO027
NOZZLO028
NO Z2L 029
NOZZL 030
NOZ2ZLO31
NOZZLO32
NOZZL O3]
NGZ 2L 034
NOZZL 035
NOZZL 036
NOZZ2L. 037
NOZZLO038
NOZ2ZLO039
NO ZZ2L 040
NOZZL 041
NOZZIL 042
NOZZL 043
NOZIL 044
NOZ2L 045
NOZZL 046
NOZZL 047
NOZZL 048
NOZZL 049
NOZZL 050
NOZZLO0S1
NOZZL 052
NOZZL 053



22.'
le2y
1080
224
1.2y
1.8y
22.'
OATA FIGBI1B /
1020
1.8y
22.0
1020
le6o
RAD = ,0174533

Moo x> VROV OZXE

1049
-012'
« 074,
15+
0025'
0130'
2000

0028'
0180
904,
0036'
ol

1.0'
le3y
2¢2
1.0y
1e3o
242,
1.00

1.3,
2¢20
1.0y
1039
‘08'

Q¢ ¢
«022,
0113!
0.y
« 0%
.2020
Qe o

«048,
1268'
0.

2057,
0195'

Gl2GM1 = (GAMMA+1)/(2,%(GAMMA-1.))

PI = 3.1415927
GRAV = 32,174
RRR = 1716.5
FLG220 = 0.
NOZERR = 0
Ldor = 0
CTiDs 1.0

5 QT = 1,
ATFLAT = CDN
PTPFS = PTTPFS

PFSPTT = 1./PTPFS

FLAGAT=0,
IFI(PTPFS LLT,.
FLAGMT=0,
DMT=2,1

1.05
) Y
3.0y
1005'
leby
3.0'
1.05,

ley

‘3.0

1.05,
lo"
202'

.306'
00320
elBy

.3060
058,
03150
«J08,

% )
03750
0009'
2082,
302,

00075'
0053'
0216'
00120
«094,
038'
Q14/

0126'
e40y
00110
o111,
«40

((GAMMA®1,.)/2,.) **{GAMMA/ (GAMMA-~1.))) FLAGAT=1,

/

FPTATS = GAMMA®SQRT{ (2,/(3AMMA=-] [ )*(2./(GAMMA+L,))**{2,%G12GML)
L #(1.-PFSPTT*#*((GAMMA-1.)/5AMMA)))

AE = AEAT*ATY

IFINT  .EQ. 1) GO TO

RT = SQRT(AT/PI)
RE = SQRT{AE/PI)

THET = ATAN((RE-RT)/SQRT{ FL-(RE=-RT)*#2 ))

THETA = THET/RAD

GO TO 80

15

42 FSAATS = PEPTTSAEATS#(1.¢GAMMAQME **2)
CAL. XTRP{AEATSy CS,
IF(JQMODEL +EQ. 2.)CS = CS~-,007

XMEXIT = QME

THETA, FIGLL)

XM0M = PEPTTSAEATSSGAMMA®QME #42 *PTTPFS*ATFLOW
IF (PERTT GTs PFSPTTh CTID = (FSAATS-PFSPTTHAEATS)/FPTATS

TID = FPTATS

CT =(CS*FSAAT S~ PFSPTT®AEATS) /FPTATS

FLAG".
G) 1) 500

15 IF(FLAGAT .EQ. 1) 50 TO 162
Cess  CINVERGENT NOZ2LE -~ CHOKE)D

CS = 997

IF(QYODEL .EQ. 2.)CS = CS-,007

ATFATS = 1,

AEATS = 1./ATFLAT
PEPTT = {(GAMMA#1.)/2.)¢*(~-GAMMA/(GAMMA-1.))
PYAX = ((GAMMA#1.)/2.)%%( GAMMA/(GAMMA-]1.))

sesCONTINJUING
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NOZZL 054
NOZZL 055
NOZZL 056
NOZZLOS7
NOZZLOS8
NOZZL 059
NOZ22L 060
NOZZIL 06l
NDZIL 062
NOZZL 063
NOZILOb64
NOZZL 065
NOZZ2L 066
NOZZ2L 067
NOZZIL 068
NOZZIL 069
NOZZL 070
NOZZLOT1
NOZZLO72
NOZ2LOT3
NOZZLOT74
NOZILOTS
NOZILOT6
NOZZtoT7
NOZZLO78
NOZZL 079
NOZZL 080
NOZZL 081
NOZZLOB2
NOZZL 083
NOZZL 084
NOZZL 085
NOZILo86
NOZZLO087
NQZZLO88
NOZZL 089
NOZIL 090
NOZZL 091
NOZ2ZL 092
NOZ22L 093
NOZZL 094
NOZ2IL 095
NOZIL 096
NOZZL 097
NOZZL 098
NOZZ2L 099
NOZZ2L 100
NOZiL 101
NOZZL 102
NOZZL 103
NOZIL 104
NOZZL 105
NOZ2L 106
NOZZL 107
NOZZL 108
NOZZL 109
NOZZL 110



PEPFS = PEPTT#PTTPF S

NOZZL 111

FSAAS = ATFATSHPEPTT*(]l,+GAMMA) NOZZ2L 112
PVARB = PEPTT NOZ2Zi 113
FLAG= 4, NOZZL 114

IF (PTTPFS .GE. A) GO TO 77 NOZZL 115

FLAG = 5. NOZIL LLG
PVARB = PFSPTY ¢ (PEPTT-PFSPTT) *(PTTPFS-PMAX)/ (A-PMAX) NOZZL 117

17 XM0Y = GAMMA*P TPF S*P VARB *AE NOZZL 118
TID = FPTATS NOZZL 119
XMEXIT = 1, NOZZL 120

CT = (CS*(FSAAS+PVARB*{AEATS-ATFATS) - PFSPTTH*AEATS))/FPTATS NOZ2. 121
IF{PTTPFS «GT., PVARB)CTID = (FSAAS ¢ PVARB*(AEATS -ATFATS) - PFSPTTNOZZL 122

1 ¢ AEATS)/FPTATS NOZZL 123

G) T3 500 NOZIL 124

80 CALL XTRP{AEAT , DPTQT, THETA, FIGBL) NOZZL 125
QT = |, NOZZL 126

90 IF(LJOOP .GT, SCIGO TO 480 NOZIL 127
LI0P = LOOP + 1 NOZzL 128
PTTIQT =  2.%( lo¢ 5% (GAMMA-1, ) *QMT*#2) #%{ZAMMA/ (GAMMA-L. ) )/ (GAMMA® NOZZL 129

L IMT#%2) NOZZL 130
PTEQT = PTTQT -~ DPTQT NOZZ2L 131
PTEPTT = PTEQT/PTTOY NOZ2ZL 132
QYCALC = GRAV*SQRTIGAMMA/RRR) *QMT#(]l .+ 5% (GAMMA-]1 . ) sQMT *#2 )s# (~G12NOZ22L 133
1Gv1) NOZIL 134
QUEXIT = SORT(2.%(PFSPTT®%( (1,~GAMMA)/GAMMAY~1.)/ {GAMMA=1,.)) NOZZL 135
IF{FLAGAT . EQ.Q.)QME XTI T=], NOZZL 136

QVID = GRAV*SQRT{GAMMA/RRR) *QMEXIT#(le#¢5% (GAMMA-1 . J*QMEXIT*#2)*# (NOZZL 137
1-G12GM1) NOZZL 138

CON = QMCALC/QMID*ATFLAT NOZ2L 139
ATSAT = NOZZL 140

1l ATFLAT*QMT#( (2. ¢ (GAMMA-1, ) *QMT *%2) /(GAMMA®+Ll . ) ) *&(-GLl2GM1) NOZZL 161
AESAY = ATSAT/PTEPTTY NOZZL 142
AESAF = AESAT/AEAT NUZZL 143
AEAES = L./AE SAE NOZIL 144

IF (AEAES +LT. L.} GO TO 485 NOZIL 145

110 Q9EE = .5 NOZIL 146
KT = 0 NOZZL 147

120 FUNC2 = AEAES- (2. +(GAMMA-1.,)*QMEE**2)/(GAMMA+L, ) )**GL2GML/QMEE NOZZL 148
SVQYFE = QMEE NOZIL 149

CALL [TRATE(QMEE, FUNC2y 0.9 KT) NOZZL 150

IF (ABS(FUNC2) .LE. l.E-4) GO TO 140 NOZZL 151

IF (KT .GT. 2%5) GO TO 475 NOZZL 152

IF (KT .EQs 1) QMEE = .51 NOZZL 153

IF (SVOMEE - QMEE GT. O.)QMFE = AMAXL (QMEE, .8%SVQMEE) NOZIL 154

IF (SVQMEE - QMEE L T. O.)QMEE = AMINLIQMEE, 5*(SVQMEE*L.) ] NOZZL 155

Gl TJ 120 NOZZL 156

140 PEPTE = (lo+.5%(GAMMA=-1,)*%QMEE**2) ¢ (~-GAMMA/ {GAMMA-1,)) NOZIL 157
PEPTT = PEPTE ¢ PTEPTT NOZZL 158
PTTPE = 1./PEPTTY NOZ2L 159

IF (ABSIPTPFS ~PTTPE) .LE. 5.E-3) GO TO 161 NOZZIL 160

IF (PTTPFS GE. PTTPE) GO TD 150 NOZZL 161
IF(FLAGMTNE.1.) GO TO 145 NOZZL 162
DMTsDMT/ 2. NOZZL 163
FLAGM T=0. NOZZL 164

145 QMT = QMT-DMT NOZZIL 165
G) T3 90 NOZZL 166

150 IF (QMT .GE, le) GO TO 163 NOZZL 167

¢s¢CONT INUING
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155

161

162

163

165

170
175

200

sssCONTINUING

IFIFLAGMT NE, 0.} GO TO 155

DMT=DMT/ 2,

FLAGMT=],

QMT = QMTeDMT

G) T3 90

CS = .995

IF(QMONEL +EQ. 2.125 = CS-.007

AEATS = AEAT/ATSAT
QUXX=SQRT{2./({GAMMA= 1 V% ({1 . /PEPTE) *#*%({ (GAMMA~1.)/GAMMA)-1.)})
FSAAS =PEPTT*AEATS *{1l.+GAMMA®QMXX®*%2)

XMOM = PEPTT®AEATSEAGAMMASQMXX®®2 ¢PTTPFS*ATFLOW

TID = FPTATS

XMEXIT = QM XX

CT =(CS*FSAAS - PEPTT®AEATS) /FPTATS

FLAG=1.

G) T2 500

CS = .,997

IF(JQUODEL +EQ. 2.)CS = CS-.007

QUT = SQRT{2.*(PFSPTT®%({(1.-GAMMA)/GAMMA ) -], )/ (GAMMA-l,))
ATFATS = ({2, ¢ (GAMMA-L,)*QMT*%2) /(GAMMA+Ll,) )eeGl2GML/ QMT
PEPFS = ],

FSAAS = ATFATSHPFSPTT® (1l.¢GAMMA SQMT*%2)

AEATS = ATFATS/ATFLATY

TID = FPTATS

PTPE = ({GAMMA+]L.)/2.)**x{AMMA/ (GAMMA-1,))

XMOM = GAMMASP IPFS/P TPE®AE®QMT®#

XMEXIT = QMT

CT = (CS*(FSAAS ¢PFSPTT*{AEATS-ATFATS))~ PFSPTT#AEATS)/ FPTATS
FLAG= 1.

Gl T2 S00

AFATS=AEAT/ATSAT

QvE = 1,

KT = 0

FUNCL = AFATS -((2.¢(GAMMA-]1,)*QME**2)/{5AMMA¢]1) ) **G12GM1/ QME
SVQVMEE = QME

CALL [ITRATE(QME, FUNCLl, O.o KT)

IF (ABS(FUNC1) JLE. l.E-4) GO TO 170

IF (KT ,GT. 25) GO TO 475

IF (SVQMEE - QME .GT. 0,)JME
IF {SVQMEF - QME L T. 0.)QME
G) TJ 165

PEPTT = (1, ¢ .5% JME*%2 %(GAMMA-1,})**(-GAMMA/ (GAMMA-1,))}
WSW? = Q.

PREPFS = 4,63 +,04*ALOG(WSWP+,01)

PRE>TT = PREPFS/PTTPFS

IFIFLG220 +EQe lo) PREPTT=PECUP THPREPFS

IF(?REPTY LE. PEPTTIGO TOU &2
QYX =SQRT(2./(GAMMA=- ], }*x{ (PRFPTT
Qu1I=QMX
AREATS =
CAL. XTRPIAREATS,CSs THETA, FIGLL)

IF(IMODEL +EQ. 2.1CS = CS-,007

PECUSP = J1%(1C.**( ,0332%THETA®,T2)) ¢ {[LO.*(AEAT -1l ))**{-,77)
PIPTY = PREPTT

PETPTT = PEPTT

P2PTY = PEPTT/PREPFS

= AMAXLIQME o+ o5%(1.¢SVQMEE))
= AMINLIQME + L.2*SVQMEE)

)% (1, -GAMMA}/ GAMMA)-1.))

116

({2, +0MXEE2% (GAMMA=~L1, }) /{GAMMA¢]L, ) ) ** (G12GM1 )/ QMX

NOzL 168
NOZZL 169
NOZZL 170
NOZZ2L 171
NOZZL 172
NOZZL LT3
NOZZL 174
NOZZ2L 175
NOZZL 176
NOZZLLTT
NOZZLLT78
NOZZL 179
NOZZL 180
NOZZL 181
NDZZL 182
NOZZL 183
NOZZL 184
NDZ2L 185
NOZZL 186
NOZZL 187
NOZZL 188
NO22L 189
NOZZ2L 190
NOZlL 191
NOZLL 192
ND2ZL 193
NOZLL 194
NOZZL 195
NOZZL 196
NOZZL 197
NOZZL 198
NOZZL 199
NOZ1ZL 200
NOZz 201
NOZIL 202
NOZZIL 203
NDZIL 204
NOZ2L 205
NOZIL 206
NOZZL 207
NOZ22L 208
NOZZ. 209
NOZIL 210
NOZ2L 211
NOZZL 212
NOZZL 213
NOZIL 214
NOZZL 215
NO21iL 216
NOzZaL 2117
NOZZ 218
NOZ2L 219
NoZaL 220
NGO ZIL 221
NOZZL 222
NOZZL 223
NGZ1L 224



PECUPT = PEPTT/PECUSP

117

NOZZL 225

IF{PECUPT GT, PETPTT) GO TO 219 NOZZL 226
IF(PECUPT .GT, P2PTT) GO TD 218 NOZZL 227
PRE>TT = PEPTY NOZIL 228
AREATS = AEATS NOZZL 229
Qvl = QME NOZ2L 230
PECUPT = P2PTT NOZZL 23]
G) 1) 220 NOZZ2L 232
218 IF (PTTPFS JLE,., 1./7PECUPT) GO TO 220 NOZZIL 233
219 FSAAS = PIPTT® { Lo ¢GAMMA®QMI *%2) ®AREATS NOZZIL 234
QT = PFSPTT%( 6.¢PTTPFS*PREPTT ) #(AFATS-AREATSY/T. NOZZL 235
XMOM = PIPTTRAREATS *GAMMA *Q M] %42 *PTTPFS*ATFLOW NOZIL 236
TID = FPTAYS NOZZL 237
XMEXET = QM1 NOZ22L 238
CT s(CS*FSAAS -~ AEATS /PTIPFS ¢ QI)/FPTATS NOZZL 239
FLAG= 13, NOZIL 240
G) 13 500 NOZIL 241
220 PTTQY = 2.,%(1,¢.5%*(GAMMA-1.) ) *x(GAMMA/ (GAMMA-1,)) NOZZL 242
PTEJT = PTTQT - DOPTQT NOZZL 243
PTEPTYT = PTEQT/PTITRY NOZIL 244
PTE2F = PTEPTTI/PETIPTT NDZIL 245
PTI2ET = 1./PFTPTT NOZIL 246
QUEE=SORT(2.*(PTTPET *%((54AMMA-1,)/GAMMA) ~1.)/ (GAMMA~]1.)) NOZZL 247
QUEX=SQRT(2.,*(PTEPE #*%{ {5AMMA-]1.)/GAMMA) -1.)/(GAMMA-]1.)) NOZZL 248
AFATS =((2.¢(GAMMA=1,)*QMFE &%2) / (GAMMA®#] . ) ) *¢G12GML1/QMEE NOZZIL 249
FSAAS = AEATS*( 1. ¢GAMMASQME x*%2) /PTTPET NOZIL 250
FPTATS = GAMMASSQRT{ (2., /7(GAMMA-1 ))*(2./(GAMMA+],. ) )*%(2,.2G12GML) NOZZL251
1 «()l.-PETPTT*#*((GAMMA-1,)/5AMMA) )) NOZIL 252
XMOM]l = PETPTTSAEATS*GAMMA®XQMEX*#2%PTTPFS*ATFLUW NOZZ 253
FPTATL = FPTATS NOZIL 254
CS = .995 NOZIL 255
IFIIMNDEL +EQe 24008 = CS-.007 NOZIL 256
CTSJUBP ={CS *FSAAS ~-PETPTTSAEATS)/FPTATS NOZIL 257
IFIFLG220.EQ.1.)GO TO 225 NOZZL 258
FL G220 = 1. NDZZL 259
G) 1) 175 NOZZL 260
225 QI = PECUPT®{ (Eo*PFPTT/PEZUPTY /T ) *(AEATS-AREATS) NOZIL 261
FSAAS2= PREPTTHAREATS*( 1, ¢S5AMMASQM]I #%2) NOZ22IL 262
FPTATS = GAMMA®SQRT((2./(3AMMA-]1.)) *(2./(GAMMA+L . ) )**(2,%G12GMLl) NOZIL 263
1 «(1.-PECUPT**((GAMMA-L1,)/5AMMA})) NOZ2L 264
CALL XTRP(AREATS,CS, THETA, FIGI11) NOZZL 265
IFIIMODEL EQ. 2.)2S = CS-.007 NOZZIL 266
XMIM2 = PREPTTSAREATSEGAMMA QM) *#22PTTIPFS *ATFLOW NOZZL 267
CTCUSP =(CS*F SAAS2-AEATS *PECUPT ¢ Ql)/FPTATS NOZZL 268
XMOM = { XMOM2-XMOML ) *(PTPF S=-PTEPE) /{1 /PECUPT-PTEPE) ¢ XMOM]L NOZZL 269
TID = (FPTATS - FPTATL) * (PTYPFS—PTEPE)/(Ll./PECUPT - PTEPE)¢FPTATINCZZ 270
XMEXIT=(QMI-QMEX)*(PTPFS-PTEPE) /(1./PECUPT~-PTEPE) ¢QMI1 NOZZL 271
CT = (CTCUSP-CTISUBP ) *({PTPFS-PTEPE)/(l./PECUPT-PTEPE) ¢ CTSUBP NOZIL 272
FLAG= 2, NOZIL 273
G) TJ) S00 NOZZL 274
475 WRITE(6y630) NOZZL 275
G) 1) 490 NOZIL 276
480 WRITE(64620) NOZZL 77
G) T) 490 NOZ2ZL 278
485 WRITF(64610) NOZLL 279
490 NIJZERR = ] NOZZL 280
WRITF(6y600) NOZl 281
sssCONTINJING



500
600
610
620
630

«eEeEND

RETURN

FIRMAT(1H]ly *==--ERAOR IN NNZ2ZILE~—=~-%)

FIR4ATULH +*COMPUTED NOZZLE OIVERGENCE AREA LESS THAN l.*)
FIRVMAT(IH »*NOZZLE THROAT AREA [ TERATION FAILED*)
FIRYAT(LH o *NOZZLE EXIT MACH NUMBER [TERATION FAILED*)

END
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NOZ2ZL 282
NOZZL 283
NOZZL 284
NOZZL 285
NOZZL 286
NGZ L 287



S*eREGIN

OO

900

901

1000
1017
1025

1040

1050
1045

1060

1080

2000

2010

2015

2020

2025

2200

SUBRIUTINE XTRP(XsYeZ2,4CV)

CURVE INTERPOLATION AND EXTRAPOLATION
SAME EXCEPT TRAP ADDED TOD CALL EXIT WHEN A CURVE IS MISSING

QUADRATIC FIT ON RIVARIANT INTERPOLATION
MINIMUM STORAGE VEISION, X MUST INCREASE
DIMENSION CV(1Q)

AX=X

Al=12

Cv(3)=0.0

ICv=CVv(1)¢0.1

IF({ TCV.ER.5 ) ICV=4

IF( ICV.GT.0 +AND. ICV.LT.5 ) GO TO 901
WRITE(6,900) ICV

FIRMAT(45H CURVE MISSING OR WRONG IN A CALL TO XTRPy ID 414)

RELL [M=-5,0

HTLIHP=SQRT(RELLIM}
FFOEG=CV(10000C0)

CALL EXIT

CINT INUE

G) 7D (1000020C0+3000,4000) ,ICV
UNIVARIATE L INEAR

N= CVI(4)e 4,0

IF (AX-CVIS)) 1080+1050,1017

D) 1025 1=79Ne2

IF (AX-CviI)) 1040,1040,1025
CINTINUE

GJ) T3 1060

CIMPUTE

LRET=3

G) 1) 13900

AsCV( 6)

Yz A

G) T) 9999

EXTRAPOLATION

Cvi3)=1.0

IsN-1

IF (Cvi2)) 104009999,10640
cvild)=1.0

127

IF (Cv(2)) 104049999,1040
UNIVARIATE QUACRATIC

N=CVI4)¢4.0

IF (CVIS)-AX) 2010,1050,2200

N) 2015 I= GeN,y2

IF (CV(T)-AX) £015+2020,2020

CINT INUE

Gl 1] 2225

IF (CVII=-2)-CV({I-4)) 2025+2250,2025
LRET=4

G) T2 5000

EXTRAPOLATION

Cv(3)=1.0

I=9

IF (Cv(2)) 2025+9999,2025

«ssCONTINUING
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XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
KTRP
ATRP
XTRP
XTRP
XTRP
XTep
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP

000
001
002
003
004
005
006
007
008
009
010
oil
oL2
o013
0ls
015
016
oL7
oL8
oL9
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035

‘036

037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052

053



2225

2250

3000
3035
3073

3045
3050
3t00
3105

3110

3115

3120

8801

3125

3130

3135
3085

C
3200
3352

3353
3355

3360
331715

Cvi3l=1.0

I=N-1

I[F (CV(2)) 202519999,2025
I=1¢2

G) 1) 2025

BIVARIATE L INEAR

KOOOF X=CV( &)

IF (CV(T7)-AZ) 32040,3040,3200
NZ=CV(5)-1.0

D) 3045 J=1,N2
LCZ=T¢JxKOOOF X

IF {CVILCZ)-AZ) 3045,3050,43050
CINTINUF

G) 1) 3400

NX=CVILCZ-1)

KX1zLCZ+1

JX=KXLeNX-1

IF (CVIKXL)=-AX) 310543105,3352
D) 3110 I1=KX1yJdXy2

IF (CVIT)-AX) 2110,3115,3115
CINT INUE

LRET=1

GJ) T) 33715

LRET=2

G) T3 3900

Y2=A

IF( AZNFE,CVILCZ) ) GO TO 8801
Y = Y2

G) 11 9999

LC2=LCZ-K000F X

KX1=LCZ+]

IF (CVvIKX1)=-AX) 3125,3125,3353
NX=CV(LCZ-1)

JXsKX1eNX=-1

D) 13130 T=KXLoed X9 2

IF (CV(I)-AX) 2130,3135,3135
CINTINUE

LRFET=?2

6G) TD 33715

LRET=]

6) T3 3900

Yl=A

IFL AZNELCVILCZ) ) GO Tg 3950
Y= VY1

G) 1) 9999

EXTRAPOLATION

Cvi3)=1.0

LCZ=T7+KO00F X

IF (Cv(2)) 9999,9999,3050
LRET=]

G) T) 3355

LET=2

Cvi3d)=1.0

IF (CV(2)) 336099999,3360
[=KX1+¢2

G TD (3115431350 4LRET
cvildi=1.0

s$sCONTINJING 120

XTRP
XTRP
XTRP
XTRP
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XTRP
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IF (Cvl2)) 3380,9999,3380 XTRP 111

3380 1s4Xx-1 XTRP 112
G) TD (311543135),LRET . XTRP 113

3400 Cv(3)=1,0 XTRP 114
LCZ=T¢NZ*K00QF » XTRP 115

IF (CV(2)) 9999,9999,3050 XTRP 116

c CIMDUTE XTRP 117
3900 A= {(AX-CVII-2))*(CVIIeL)=CVLI=-L))ZLCVIId-CVII-2))eCVIi-1) XTRP 118
G) 12 3CE5,312Co1045) 4LRET XTRP 119

3950 LZIN = LCZ¢ KOCOFX XTRP 120
Yz (AZ-CVILCZ))*{Y2-Y1)/{CVILZINI-CVILCZ)) ¢Y] XTRP 121

G) TJ 9999 XTRP 122

C BIVAR JATE QUADRATIC XTRP 123
4000 KOOOFX=CV{4) XTRP 124
4015 1f (CVIT)~AZ) 4020,402044100 XTRP 125
4020 NZ=CV(5)~1.0 XTRP 126
D) 4025 J=2,N2 XTRP 127
LCZ=T+J*xK000F X XTRP 128

IF (CVILCZ)=-AZ) 402544030,4030 XTRP 129

4025 CINTINUE i XTRP 130
G) T2 4200 XTRP 131

4030 LCZH1IK = LCZ - 1*KOOQF X XTRP 132
LCZ42K = LCZ ~ 2%*KOOOF X XTRP 133

IF({ CVILCZIMIK ) = CV(LCZM2K) } 4040+4035,4040 XTRP 134

4035 LC2Z = LCZ ¢ X000FX XTRP 135
4040 NE = CVILCZ-1) XTRP 136
KXl=LCZ¢] XTRP 137
KX3=LCZ¢5 9 XTRP 138
JX=LCZ «NE-1] XTRP 139
23=Cv(LCZ) XTRP 140

4300 IF (CVIKXL)=AX) 4310443104450 XTRP 14l
4310 D) 4320 1=K >3¢JdXs2 XTRP 142
IF (CVII)-AX) 4320,4325,4325 XTRP 143

%320 CINTINUE XTRP 144
LRET=1 XTRP 145

Gl 1] 4500 . XTRP 146

4325 IF (CVII-2)-CVlI-4)) 4330,463044330 XTRP 147
4330 LAFT=?2 XTRP 148
G) 1D 5000 XTRP 149

4340 Y3=A XTRP 150
IF{ Z3.NF.AZ ) GO TO 8802 XTRP 151

Y= Y3 XTRP 152

G) T) 9999 XTRP 153

8802 LCZ=LCZ-KOOOF X XTRP 154
KX1=K X1-KOO0OF X XTRP 155
KX3=KX3-K0OOOF X XTRP 156
NE=CV{LCZ-1) XTRP 157
22=CVvILCZ) XTRP 158

IF (CVIKXL)=-AX) 4350+4350,4460 XTRP 159

4350 JX=LCZ+eNE-] XTRP 160
D) 4360 I=K)>»39JXy2 XTRP 161

IF (CVIL)-AX) 43600436544365 XTRP 162

4360 LRET=2 XTRP 163
G) T) 4500 XTRP 164

4365 IF (CVI(I-2)-CVii-4)) 4370,4640,4370 XTRP 165
4370 LRET=3 XTRP 166
G) T2 5000 XTRP 167

¢s+CONTINUING 121



4375 Y2=A XTRP 168

IFL Z2.NEJAZ ) GO TO 8803 XTRP 169

Y= Y2 XTRP 170

G) T) 9999 XTRP 171

3803 LCZ=LCZ~-KOQOOQFX XTRP 172
KX1=zK X1-K0O0OF X XTRP 173

KX 3=K X3~K 000F X XTRP 174
NE=CVILCZ-1) XTRP 175
Zl=Cv{LC2) XTRP 176

IfF (CVIKX1)-AX) 4380,438004470 XTRP 177

4380 JX=LCZ4NE-1 XTRP 178
D) 4385 [=KX3e I X2 XTRP 179

IF (CVII)-AX) 4385,4390,4390 XTRP 180

4385 CINTINUE XTRP 181
LRET=3 XTRP 182

Gl T3 4500 XTRP 183

4390 TF (CVv(I-2)-CV(I-4)) 4395,465094395 XTRP 184
4395 LRET=1 XTRP 185
GO0 170 S000 XTRP 186

4099 Yl=A XTRP 187
IFt Z1.NE,AZ ) GO TD 5500 XTRP 188
Y=1VY1 XTRP 189

Gl T3 9999 XTRP 190

c EXTRAPOLATION XTRP 191
4100 CVvi3i=1.0 XTRP 192
LCZ=T7+2*#K000F X XTRP 193
IF(CvL2)) 999949999,4030 XTRP 194

4200 Cvi(3)=1.0 XTRP 195
LCZ=T+NZ*KQOOF x XTRP 196

IF (CviL2)) 999949999,4030 XTRP 197

4450 LRET=] XTRP 198
Gl T) 4480 XTRP 199

4460 LET=2 XTRP 200
Gl TI 4480 XTRP 201

4470 LRET=3 XTRP 202
4480 Cvi3)=1.0 XTRP 203
f=KX3 XTRP 204
IF(Cvi2)) 4490+9999,4490 XTRP 205

4490 G) T3 | 432594365 +4390) 4 LRET XTRP 206
4500 Cvi3i=1.0 XTRP 207
124X XTRP 208

IF (Cvi2l) 451049999,4510 XTRP 209

4510 GJ 1D 432594365 04390) yLRET XTRP 210
4630 I=1[+2 XTRP 211
G) TD 4330 XTRP 212

4640 I=1¢2 XTRP 213
G) T) 4370 XTRP 214

4650 I=1+¢2 XTRP 215
G) T] 4395 XTRP 216

c CIMPUTE XTRP 217
5000 CINTVINUE XTRP 218
AzCVII=3)e(AX=CV{I=-4))*L(CVII-L)-CVLI-3)) /7 (CVILI-2)-CVI1=4) )¢ (AX-CVXTRP 219
=20 0/7¢(CVL I)=CVLI-4))o((CVIT¢L)=CVLI=-1)D/Z7 (CVILI=CV(I-2))-{CV{I-1 XTRP 220
2)-CviI=3)d/7LCVII=-2)-CVii-4)))) XTRP 221

G) T) (4099+434004375,1045) 4LRET XTRP 222

5500 IF{ CVI1).NE.5.0 ) GO TO 5502 XTRP 223
IF( AZ.LT.Z2 ) GO TO 5501 XTRP 224

#0sCONTINJING 122



5501

5502 YaY1¢(AZ=-Z1)*{(Y2-Y1)/(22-21)+(AZ2-22)/123-L1)*

L = 22
12 = 13
Yyl = Y2
Y2 = Y3

Y = (AZ-I1) * (Y2-Y1)/(22-71) + Y1

RETJYRN

L ((Y3-Y2)/023-22)-(Y2-Y1) /L 22-11)))

9999

kE2END

RETURN
END

123

XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
XTRP
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